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Report to the Fish and Game Commission:

A Status Review of the

Delta Smelt (Hypomesus transpacificus)

in californiaV

EXECUTIVE SUMMARY

This report was prepared in response to a petition received by
the Fish and Game Commission from Dr. Peter B. Moyle of the
University of California at Davis to list the Delta smelt
(Hypomesus transpacificus) as an Endangered Species under the
authority of the California Endangered Species Act (Fish and Game

Code Sections 2050 et seq.).

On August 23, 1989, pursuant to the Section 2074.2 of the
California Endangered Species Act (CESA), the Commission
determined that the petition contained sufficient information to
indicate that the petitioned action may be warranted. Pursuant
to Section 2074.6 of CESA, the Department undertook a review of
this petition. Based on the best scientific information
available on the Delta smelt, the Department has evaluated
whether, in fact, the petitioned action should be taken.

Information and comments on the petitioned action and the Delta

1l/ Prepared August 1990.
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smelt were solicited from interested parties, management

agencies, and the scientific community.

This report presents the results of our review and analysis.

Findings

The Delta smelt is a small fish endemic to the Sacramento-San
Joaquin Estuary. Delta smelt are euryhaline and much of the year
are typically most abundant in the entrapment zone, where
incoming saltwater and outflowing freshwater mix. This species
feeds exclusively on zooplankton, spawns in freshwater, and

usually only lives for one year.

Information from six different data sets all indicate that the
population of Delta smelt has declined. The best measures, based
on the summer townet and fall midwater trawl surveys, indicate
that abundance of this species has been consistently low since
1983. Based on the midwater trawl survey, the average population
since 1983 has been only about one-fifth of the average
population level from 1967 to 1982, and one-tenth of the peak

level in 1980.

Conclusions

Although the petitioner requested that the species be listed as

endangered, the Department finds that the Delta smelt should be

iv



listed as a threatened species, based on Section 670.1(b) of
Title 14 of the California Code of Requlations and Section 2072.3
of the Fish and Game Code. The Department’s findings are based

on the following:

1. The recent decline in the copepod, Eurytemora affinis, a
major diet component of the Delta smelt, must be considered
as a potential threat to the smelt’s recovery unless other
food resources compensate or this copepod recovers to its

former abundance.

2. Although spawning stock abundance may not have been an
important factor in Delta smelt year class success in the
past, present or future l;w stock levels may inhibit the
potential for population recovery. The relatively low
fecundity of this species and its planktonic larvae, which
undoubtedly incur high rates of mortality, indicate that

year class success of the Delta smelt must depend on

reproduction by fairly large numbers of fish.

3. The relationship between Delta smelt abundance and water
diversions is not clear. Delta smelt are ecologically
similar to young striped bass which have been severely
impacted by water diversions. Whether or not water

diversions are directly responsible for the Delta smelt



population decline, their drain on the population may be a

significant factor inhibiting recovery.

Although there is no direct evidence of Delta smelt
suffering direct mortality or stress from toxic substances,
such substances cannot be eliminated as having adverse
effects on the population.

There is no evidence that Delta outflow has had major

effects on Delta smelt aBundance.

No research has been done to determine if the wagasaki, a

closely related species introduced into several reservoirs
in the Delta drainage, hybridizes with or competes directly

with the Delta smelt.

A number of exotic fish and invertebrate species have been
introduced into the Sacramento-San Joaquin Estuary.

Although none of these species can be directly linked to the
decline in Delta smelt, their presence may inhibit the

smelt’s recovery.
Diseases and parasites of Delta smelt have never been

studied; thus, there is no evidence concerning their role in

the population decline. Should they be important, they
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10.

could prevent the recovery of Delta smelt from current low

population levels.

Although competition and predation cannot be ruled out as
threats to Delta smelt, the available evidence suggest that
they are not a major threat. 1In fact, several potential
competitors or predators also show signs of population
erosion approximately coinciding with or preceding the

decline of Delta smelt.

The Delta smelt population trend, certain life history

attributes, and environmental threats tend to support

listing. The scientific information is insufficient,

however, to determine whether the population is low enough
that it is in imminent danger of extinction. This is a
complicated scientific determination, and no study which
might be implemented will provide a conclusive answer in the
next few years. Meanwhile, the population might become
extinct. The most prudent action, thereforé, is to list the

Delta smelt as a threatened species.

vii




Recommendations

Listing:

1.

The Commission should find that the Delta smelt is a

threatened species.

The Commission should publish notice of its intent to amend
Title 14 CCR 670.5 to add the Delta smelt (Hypomesus
transpacificus) to its list of Threatened and Endangered

Species.

Management and recovery objectives:

1.

Improve species identification and fish handling procedures
at the existing State and Federal Water Project diversions
from the Delta. Such actions could reduce present

entrainment losses to these major diversions.

Modify pumping strategies at the State and Federal Water
project diversions to reduce entrainment losses during

periods when delta smelt are most abundant.

Increase spring and summer delta outflows to maintain the

entrapment zone and major delta smelt nursery in the Suisun
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Bay region where food supplies are greater that in the Delta -

and exposure to diversions is minimal.

4. Support regulations restricting ship ballast water
discharges to eliminate or minimize new introductions of
potentially harmful exotic species. S 2244 and HR 4214
currently being considered by the U.S. Congress would create

such regulations.

5. Evaluate losses to agricultural diversions in the Delta.
Screening these diversions probably would reduce entrainment

and losses to local crop irrigation.

6. Remove water project diversions from the Delta. Moving the
diversion intakes to the Sacramento River upstream from the
major nursery area would do this and also provide benefits

to other species which formerly made more use of the Delta.

7. Consider developing pond culture techniques for the purpose

of creating "refuge" populations.

Public Responses

During the twelve month review period, the Department contacted a
number of affected and interested parties, invited comment on the

petition and our draft status review, and regquested any

ix
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additional scientific information that may be available. A copy
of the Public Notice and a list of parties contacted are
contained in Appendix A. A summary of comments on the draft
status review is in Appendix B. Scientific comments will be
addressed as part of the reqgulatory proceedings should the

Commission find that the petition warrants action.
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Report to the Fish and Game Commission:

A Status Review of the

Delta Smelt (Hypomesus transpacificus)

in california?

INTRODUCTION

Petition History

On June 13, 1989, the Fish and Game Commission (Commission)
received a petition from Dr. Peter B. Moyle of the University of
California at Davis, requeéting State listing of the Delta smelt
(Hypomesus transgacificus)>as an Endangered Species. The
Department of Fish and Game (Department) reviewed the petition
and recommended to the Commission that they accept it as complete
pursuant to Sections 2072.3 and 2073.5 in the California
Endangered Species Act (Fish and Game Code Sections 2050 et seq.)
and that the petitioned action may be warranted. On August 29,
1989, the Commission accepted the Department’s recommendation and
designated the Delta smelt as a Candidate Species as provided for
in Section 2074.2 of the California Endangered Species Act

(CESA). That action initiated a twelve-month review period,

1l/ Prepared August 1990



Table 9. Mean monthly catch of adult delta smelt per haul
during the chinook salmon seine survey in the
Sacramento-San Joaquin Delta, January-April 1977-1987.

Mean monthly

Year catch per haul No. hauls
1977 0.39 152
1978 0.93 105
1979 1.34 250
1980 0.10 359
1981 1.75 397
1982 0.34 352
1983 0.20 321
1984 0.08 291
1985 0.09 321
1986 0.10 222
1987 0.06 238
1988 0.01 ‘ 233
1989 0.01 281
32




pursuant to Section 2074.6 of CESA, within which the Department
must review the best scientific information available on the
Delta smelt and provide a written report to the Commission

indicating whether the petition is warranted.

Department Review

This report contains the results of the Department’s review, and
a recommendation to the Commiésion, based on the best scientific
information available, whether or not the petitioned action is
warranted. It also identifies the habitat that may be essential
to the continued existence of the species and suggests management
activities and other recommendations for the recovery of the

Delta smelt.

During the twelve month review period, the Department contacted
affected and interested parties, invited comment on the petition
and our draft status review, and requested any additional

scientific information that may be available, as required under
Section 2074.4, Fish and Game Code. A copy of the Public Notice
and a list of parties contacted are contained in Appendix A. A
summary of comments on the draft status review is in Appendix B.

Scientific comments will be addressed as part of the regulatory



proceedings should the Commission find that the petition warrants

action.

LIFE HISTORY

Description

The Delta smelt is a small, slender-bodied fish, with a typical
adult size of 55-70 mm (standard length), although some may reach
130 mm. This fish has a small, flexible mouth with a maxilla
(upper jaw bone) which does not extend past the middle of the
eye. When pressed against the body, the pectoral fins reach
less than two-thirds of the way to the pelvic fin bases. The
upper and lower jaws contain small, pointed teeth. Live Delta
smelt have a steely blue sheen on the sides and appear to be
almost translucent (Moyle 1976). Delta smelt, like other
members of the family Osmeridae, have an adipose fin.

Additional, more detailed descriptive information can be found in

Moyle (1976).
Taxonomy
The confusing taxonomy of this species is described in Moyle

(1976). The Delta smelt was once thought to be a population of

the widely distributed pond smelt, Hypomesus olidus. The two




were recognized as distinct species by Hamada (1961), who renamed
the Delta smelt H. sakhalinus and retained the name H. olidus for
pond smelt. It was later determined, however, that H. olidus
does not occur in California waters, and McAllister (1963)
redescribed the Delta smelt as H. transpacificus, with Japanese
and California subspecies, H. t. nipponensis and H. t.
transpacificus, respectively. Subsequent work has shown that
these two subspecies should be recognized as species, with the
Delta smelt being H. transpacificus and the Japanese fish

(wagasaki) being H. nipponensis (Moyle 1980).

Range .

The delta smelt occurs only in the Sacramento-San Joaquin

Estuary.

Delta smelt feed exclusively on zooplankton. Department
biologists examined gut contents of two 8 mm and 9 mm delta smelt
larvae captured in 1988 which had eaten harpacticoid copepods,
calanoid copepods and copepod nauplii. The diet of 20-mm to
40-mm-long juveniles collected by the Department in 1974 was
comprised mainly of calanoid copepods, especially Eurytemora
affinis, which was the dominant food (Table 1). There was no

evidence of a major shift in diet as. the smelt grew larger.



Table 1. Items in the diet of delta smelt collected from the townet survey
at station 519 on June 28 and July 13, 1974.

Length Total Number Cyclopidae Eurytemora Diaptomus Harpacticoid Neomysis Other
group (mm) fish w/food = -----ecces ceemcoeeo copepod ~  -----e-- copepod
20-24 2 1 2

25-29 18 17 117 1 1 8
30-34 18 17 2 585 1 45
35-39 12 12 0 220 1 34



Moyle and Herbold (MS) examined the diet of delta smelt from 15
samples collected at various times from 1972 to 1974 and for two
fall samples collected in 1988. They found copepods to be the
dominant diet item and the opossum shrimp, Neomysis mercedis, was
second. E. affinis was the primary copepod in stomachs in the
1972-1974 sample. Pseudodiaptomus forbesi, an accidentally
introduced exotic copepod which first became abundant in spring
1988, was an important diet item that year. The amphipod,
Corophium sp, and two cladocerans, Bosmina sp. and Daphnia sp.,

were also eaten.

Reproduction_and Growth

Spawning occurs in freshwater at temperatures of 7-15°C (Wang
1986). It generally takes place from February through June,
probably mostly in the dead end sloughs (Radtke 1966) and shallow
edge-waters of the channels of the Delta (Wang 1986) and the
Sacramento River. Catches of young delta smelt, 20-30 mm in
length, during salmon seine surveys in May doéument the
occurrence of spawning in the Sacramento River (Table 2). Some
spawning has also been recorded in Montezuma Slough, near Suisun
Bay (Radtke 1966, Wang 1986). Each female deposits from 1400 to
2900 demersal, adhesive eggs on substrates such as rock, gravel,
tree roots, and submerged vegetation (Moyle 1976; Wang 1986;

Moyle and Herbold, MS). Eggs probably hatch in 12-14 days if



Table 2.

Number of seine hauls in parentheses.

Site C/H

Isleton

Ryde

Clarksburg

Garcia Bend 0.0

Mouth American
River 0.0

Feb

0)

0

(0)

2)

@)

FL

C/H

1.3

1.0

0.0

1.5

0.0

Mar

3
(2)
(5)
(4)

(5)

FL

69

C/H

1.2

5.8

0.2

0.0

Apr

1)
€4)
€4)

“4)

(3

Catch per haul (C/H) and mean fork length in millimeters (FL)
of delta smelt at Sacramento River beach seine sites in 1978.

FL

n

C/H

2.0

13.3

70.7

5.7

0.2

May

(4P

3

3

3

(4)

FL

22

24

26

24

68

June
C/H FL

€0)

(0)

0)

(1))

0.0 (1



developmental rates are similar to those of the closely related

wagasaki (Wales 1962).

After hatching, larvae float to the surface (Moyle 1976) and many
are carried by currents downstream to the mixing (entrapment)
zone (see "Distribution and Essential Habitat"). Growth is
rapid; juvenile smelt are 40-50 mm long by early August (Erkkila
et al. 1950, Ganssle 1966, Radtke 1966) . Adult lengths are
reached by the time they are 6 to 9 months old (Moyle 1976).
Thereafter, they only grow another 3-9 mm, presumably because
most energy is being channeled into the development of. gonads

(Erkkila et al. 1950, Radtke 1966).

Most Delta smelt die after spawning, although a few may survive
to be 2 years old. Theré is evidence that almost total
reproductive failure can occur in some years. Erkkila et al.
(1950), for example, collected no young-of-the-year smelt in
their second year of sampling, although their previous year’s

data suggested that large numbers should have been present.

DISTRIBUTION AND ESSENTIAL HABITAT

Delta smelt are euryhaline, and much of the year are typically

most abundant in the entrapment zone (Arthur and Ball 1979) where



incoming saltwater and outflowing freshwater mix (Tables 3, 4,
and 5). This mixing effect allows organisms which swim poorly,
such as zooplankton and larval fish; to remain in the entrapment
zone rather than being flushed out to sea. Hence, delta smelt
spend their life from the larval period to pre-spawning adulthood
in the Delta and brackish areas downstream, particularly the
Suisun Bay region (Ganssle 1966, Radtke 1966, Moyle and Herbold
1989). Surveys by the San Francisco Bay - Outflow Study, which
has sampled fish in the Estuary from San Francisco Bay to the
western Delta since 1980, indicate that delta smelt thin out in
San Pablo Bay and are virtually non-existent in San Francisco Bay

(Table 3).

Summer townet and fall midwater trawl surveys (pages 17 to 23),
conducted by the Department for young striped bass (Morone
saxatilis), indicate delta smelt are most frequently caught where
specific conductance ranges from 500 to 8000 microsiemens (Tables
3, 4 and 5). These surveys also demonstrate that the
geographical distribution of delta smelt during summer and fall
is strongly influenced by delta outflow. As flows increase and
saltwater is repelled, more of the population occurs in Suisun
and San Pablo bays and less occurs in the Delta (Figures 1 and

2).



Table 3.
1980-1988.

Area

-San Francisco Bay (16)
San Pablo Bay (8)

Carquinez Strait and
Western Suisun Bay (6)

Eastern Suisun Bay (3)

Western Delta (2)

Total

Jan

61

18

30

13

Feb

24

13

Mar

29

15

15

145

Apr

37

10

53

May

12

Month
Jun  Jul
0 0
1 0
55 70
8 16
20 12
84 98
10

Aug

9%

37

154

Sep

(4!
54

55

180

San Francisco Bay - Outflow study catch of delta smelt by month and area,
Number of sampling sites in parentheses.

54

36

12

170

Nov

40

33

82

Dec

38

12

32

Total

95

608

307

252

1262



Table 4.

EC

Summer townet survey catch frequencies for delta smelt by specific conductance
(EC) ranges, 1969-1988.

(microsiemens) 0

No Data

1-499

500-999

1000-1999

2000-3999

4000-5999

6000-7999

>8000

Total

541

105

38

31

22

338

1118

1-4

170

51

3

41

30

21

96

5-9

52

13

15

15

1

32

150

1/

Numbers of smelt per catch

10-14

17

16

10

1

14

15-19

10

47

20-49

13

17

22

11

17

123

1/ EC was not measured prior to 1969 even though the survey

started in 1959.

11

50-99

16

14

14

76

>100

14

10

10

54

Total
Samples

19
856
229
138
148

104

521

2094

Number Percent
Catches with
>0 smelt
10 52.6
315 36.8
124 54.1
100 72.4
114 77.0
73 70.0
57 72.1
183 35.1
976 46.6



Table 5. Fall midwater trawl catch frequencies for delta smelt by specific conductance
(EC) ranges, 1967-1988.

EC
(microsiemens)

No Data

1-499

500-999

1000-1999

2000-3999

4000-5999

6000-7999

>8000

Total

1756

31

224

269

244

202

4547

7562

1-4

604

137

128

141

97

67

173

1347

5-9

103

35

43

44

45

24

317

Numbers of smelt per catch

10-14

30

21

18

30

10

127

15-19

16

10

10

20-49

27

12

18

14

12

1

103

22

Total
Samples

2540
528
443
512
418
317

477

9544

Number
Catches

>0

784

217

219

243

174

115

230

1982

Percent
catch
wWith
smelt

49.4

47.4

46.1

36.3

4.8

20.7
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In late winter and spring, as the spawning period approaches,
adult delta smelt disperse widely into freshwater, as far
upstream in the Delta as Mossdale on the San Joaquin River
(Radtke 1966) and (as indicated by trawling and seining during
recent chinook salmon, Oncorhynchus tshawytscha, surveys) the
mouth of the American River on the Sacramento River (Tables 2 and

6).

Delta smelt live principally in the upper portion of the water
column. During a 1963-1964 survey of delta fish populations a 10
foot by 10 foot surface trawl captured 1960 delta smelt while a
15 foot by 5 foot otter trawl only captured 461 delta smelt.
These results were obtained despite the otter trawl constituting
60 percent of this surveys effort of about 1800 tows (Radtke

1966, Turner 1966).

ABUNDANCE

Information from five Interagency Ecological Study Program
monitoring programs and one University of California program was

summarized to evaluate recent trends in delta smelt abundance:

1. the summer townet survey for young striped bass,
2. the fall midwater trawl survey for young striped bass,
3. the San Francisco Bay-Outflow Study’s monthly midwater

trawl survey,

15



Table 6.

Year
1976
1977
1978
1979
1980

1981

Catch of Delta Smelt by midwater trawl in the Sacramento River

at Clarksburg, 1976-1981. This site has not been sampled in

more’recent years.

May
Mean No.
Catch Length Tows

218 79 147

242 N/M 443

June
Mean

Length

N/M means not measured.

No .
Tows

117

15

29

16

80
N/M
82
78
84

80

342
550
127
100
240

139

Lengths in mm.

July
Mean
Catch Length

7 84



4. the seine and midwater trawl monitoring of young
chinook salmon,

5. "salvage" of fish at the State and Federal water
project fish screens in the south Delta, and

6. the University of California, Davis, Suisun Marsh fish

survey.

While these data sets all provide information on delta smelt
abundance at the time and location of sampling, each has inherent
strengths and weaknesses in depicting the true population trend.
These strengths and weaknesses are discussed as appropriate in

the subsequent sections of this report.

Summer Townet Survey

The Department has conducted semi-monthly tow net surveys in the
Delta and Suisun Bay, from late June to eafly Augqust, each year
since 1959 (except 1966) to index the abundance of young striped
bass. On each survey run, three tows are made at each of about
30 sites from San Pablo Bay upstream through most of the Delta
(Figure 3). Each survey run takes 5 days, and runs are made at
2-week intervals until the young bass average 38 mm (1.5 inches)
in length. The number of runs has varied from two to five
annually . The sampling gear and methods are described in detail
by Calhoun (1953), Chadwick (1964), Turner and Chadwick (1972)

and Stevens (1977). Catches of delta smelt are a by-product of
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this survey and records of these catches were kept in all years
except 1967 and 1968. Annual abundance indices for delta smelt
were calculated by summing, over all sample sites, the products
of: total catch in all tows at a site x water volume in acre
feet (Chadwick 1964) repreéented by that site. Delta smelt
abundance indices were calculated only for the first two survey
runs since runs 3,4, and 5 were not made in all years. The delta
smelt abundance index is the mean of the abundance indices for
the two runs after dividing by 1000 to scale the index for

convenience. (Appendix C)

This survey provides good coverage of the delta smelt nursery
and, in general, should yield an excellent index of young delta
smelt abundance during early summer. In high flow years,
however, the townet survey may undersample the population because
many young smelt are washed downstream to San Pablo Bay or

beyond.

The townet survey abundance index shows that annual production of
yqBEg#gglggfsmelt_has_beenﬂquite_ya:igglg_ginge the survey began
in 1959. The peak index of 62.5 in 1978 was 78 times greater
than the lowest index of 0.8 in 1985. Abundance has been very

low every year since 1983 including, the present year, 1990

e ——

(Figure 4). Similar low abundance indices occurred in several
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earlier yearé (1963,1965,1969), but never for consecutive years.
Thus, the townet results indicate that there has been a collapse

in the production of young delta smelt.

Fall Midwater Trawl Survey

Starting in 1967, a 12 ft X 12 ft midwater trawl has been used to
measure abundance of young-of-the-year striped bass and other
species, including delta smelt, during the fall. About 87 sites
are sampled from San Pablo Bay upstream to Rio Vista on the
Sacramento River and Stockton on the San Joaquin River (Figure 5;
Stevens 1977). Originally, the midwater trawl survey was done
monthly from August or September through the following March.
However, due to extraneous variability in striped bass abundance
indices caused by pulses of high winter runoff, sampling has been
restricted since 1980 to September through December. Surveys
were not conducted in 1974 or 1979 or in November 1969 and

September and December 1976.

Delta smelt, which on average are smaller than young striped bass
during the fall, probably are at least equally vulnerable to
capture by this survey. This survey provides reasonable coverage
of the delta smelt population and should yield reasonable

measures of the ultimate success of each year class.
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Monthly abundancé indices for delta smelt were calculated by
summing, over all sampling sites, the product of: the mean catch
per 12 minute tow in 17 subareas of the Estuary x the water
volume in each subarea (Appendix D). The annual total abundance
index is the sum of the monthly indices for September through
December. Abundance indices for the surveys missing in 1969 and
1976 were estimated by interpolation or extrapolation of the

months actually sampled.

Like the summer townet survey, the fall midwater trawl survey
indicates that abundance of delta smelt has been highly variable,
and has suffered a major decline (Figure 4). The peak fall index
of 1678 occurred in 1970 and was 15 times greater than the
minimum fall index of 109 which occurred in 1985. A general
downward trend in fall abundance appears to extend back to the
peak population of 1970 interrupted by a high index in 1980. The
fall index has been consistently low since 1983 and from 1983 to

1988 was lower than in any previous year.

San Francisco Bay - Outflow Study

Midwater trawl catches of delta smelt by the Interagency
Ecological Study Program’s San Francisco Bay - Outflow Study
provide yet another set of delta smelt abundance measures. These

measures are based on catches of smelt as small as 25 mm up to
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adult size and are available from 1980 through 1988. They are
based on monthly sampling (12-minute tows) at 42 locations
_extending from South San Francisco Bay to the western Delta

(Figure 6).

The Bay-Outflow Study survey is comprehensive in that it samples
monthly throughout the year. Its main deficiency in measuring
delta smelt abundance is that it does not sample in the Delta
east of Antioch and Collinsville; thus, a portion of the delta
smelt’s geographical range is not covered. This is particularly
important in dry years when the population is concentrated in the

Delta.

Typically, the Bay—-Outflow survey’s delta smelt catches peak from
August to October as the new year class grows to a size at which
they become vulnerable to capture by the sampling gear (Table 7).
Average catches remain moderate through March and then decline
into May when the bulk of the adults are spawning upstream from
the sampling area and begin to die out. A few remaining adults

and the next year class appear in the catches in June and July.

Bay survey catches show a striking decline in delta smelt
abundance after 1981 (Figure 4). The 1981 catch rate was about
twice that for 1980 but since 1981 there has been an irregular

but persistent decline leading to a catch rate in 1988 that was
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Table

Year
1980
1981
1982
1983
1984
1985
1986
1987

1988

Total

7. San Francisco Bay - Outflow study catches of delta smelt
by month and year.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1 4 37 2 0 53 31 51 20 36 4

27 46 26 19 3 23 15 39 53 19 11 26

41 15 9 5 4 4 35 13 7 9 7 22

30 12 41 5 1 2 1 15 29 66 14 3
2 5 14 21 4. 0 5 11 29 5 6 5
5 1 1 0 0 1 4 2 1 1 0 21
1 3 14 0 0 1 1 23 21 29 9 6
6 0 2 1 0 0 6 0 4 0 25 0
0] 2 1 0] 0 0 0 0 16 5 6 0

113 88 145 53 12 84 98 154 180 170 82 83

26

Total
239
307
171
219
107

37
108
44

30

1262



only about one-tenth that for 1981. All of the catch rates since
1984 have been lower than in any previous year. The trend in
catch frequency is consistent with the trend in annual catch
rates. From 1981 through 1984, delta smelt were caught during
all monthly surveys (Table 7). During 1985 and 1986 they were
caught during 9 and 10 surveys, respectively.. Delta smelt were
caught only during 6 of the 12 monthly surveys in 1987 and only

during 5 surveys in 1988.

Based on the Bay-Outflow Study data, the current population of
delta smelt is distinctly depressed. Part, but by no means all,
of this depression likely is due to incomplete coverage of the
delta smelt’s geographical range: four of the five years since
1983 have been low flow years and the population has been

concentrated in the Delta.

Salmon Survey Trawl and Seine Catches

The Interagency Program has used midwater trawl and seine surveys
to measure annual abundance of young chinook salmon. These
surveys are currently administered by the U.S. Fish and Wildlife
Service. Delta smelt are an incidental catch in these salmon

surveys.
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The primary trawl survey has been conducted from April through
June, since 1976, at Chipps Island in upper Suisun Bay. Data
from this survey currently are available through 1987. A major
deficiency of delta smelt abundance measures from this trawl
survey is that the survey only samples at one location, thus the
indices are affected by annual differences in delta smelt
distribution. Nevertheless, the catches may still reflect major

changes in population status.

The seine survey generally has sampled about 23 sites at beaches
in the Delta and Sacramento River upstream to the mouth of the
American River (Figure 7). This survey is run several times each
month from January to April, May, or June. Data currently are
available from 1977 to 1989. Since the sampling is entirely in
the Delta and the Sacramento River and in late winter and spring,
catches primarily reflect numbers of delta smelt undertaking
their spawning migration, although, occasionally, young smelt

around 20-30 mm long also have been taken.

As for the other data sources, catches of delta smelt in the
salmon surveys were low during the most recent years. In the
Chipps Island trawl survey, the catch of delta smelt fell
dramatically in 1985 (1984 year class) and remained -low in 1986
and 1987 (Figure 4 and Table 8). Catches during these years were
considerably lower than in any previous year except 1977 when a

drought caused salinity encroachment and most of the delta smelt
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Table

Year

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

8.

Catch of delta smelt per tow during the chinook salmon

trawl survey in the western Delta at Chipp’s Island,

April-June,

April

2.48(101)
3.83( 77)
0.69( 65)
14.15( 52)
1.46( 43)
7.73( 67)
15.94( 73)
0.91( 86)
0.23( 95)

0.25(159)

1976-1986.

May
3.38( 76)
0.00(174)
2.28( 90)
1.18( 78)
0.49( 81)
3.69( 61)
4.07(121)
4.27(128)
1.85( 99)
0.05(298)
0.19(288)

0.21(290)

30

June
15.54(188)
0.01(227)
15.06(174)
14.02(190)
16.88(252)
16.11(124)
2.08(125)
2.85(146)
4.78(164)
0.11( 45)
0.28(149)

0.00( 43)

Numbeir of tows in parentheses.

Mean Apr-Jun



population probably moved upstream from the sampling site. The -
relatively high average catch of more than seven delta smelt per

tow in.1984 (1983 year class) also is inconsistent with the

population trend depicted by the broader based surveys and again

may reflect an anomalous smelt distribution relative to the

single sampling location.

In the seine survey, the lowest average catches of adult delta
smelt occurred in 1980 and 1984-1989 (Figure 4 and Table 9). The
reason for the low catch in 1980 (1979 year class) is unknown.
However, the persistent low catches from 1984-1989 (1983-1988
year classes) are consistent with the population decline

exhibited by the fall midwater trawl and summer townet surveys.

Salvage at SWP and CVP Fish Screens

Fish salvage operations at the State Water project (SWP) and the
U.S. Bureau of Reclamation’s Central Valley Project (CVP) fish
screens provide huge samples of fish populations in the Delta;
however, a major deficiency relative to measuring fish population
trends is that all of the sampling occurs at only one location so
the samples are affected by annual variations in the geographical
distribution of each species. The salvage is also affected by
seasonal and annual variations in water export rates, which

affect numbers of fish that are diverted and screening
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efficiency. Also, at times, particularly before 1979 at the CVP,
there have been species identification and other data quality
problems. Nevertheless, considering the lengthy period of fish
salvage information, the records provide another independent,
albeit imperfect, source of information on the delta smelt

population trend.

Salvage of delta smelt has been monitored since 1968 at the SWP
fish screens_and since 1979 at the CVP screens. Estimates of
total smelt (delta smelt and longfin smelt) salvage provide
additional information on smelt trends at the CVP back to 1973.
Salvage estimates represent numbers of fish screened from the
water that is exported from the Delta, but over-represent numbers
of fish that are actually saved because many of these salvaged
fish die due to the handling and trucking that is necessary to
return fish to the Delta, and to predation by larger fish at the

release sites.

Total salvage is estimated from estimates for consecutive periods
(typically 2 hours long) based on the salvage rate (fish per
minute entering the holding tanks) during each period. These
salvage rates are estimated from fish counts ranging from one
minute to the total length of the period. Sample counts are
expanded to account for the amount of water exported when counts

were not made. Because numbers of fish salvaged are affected by
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the amount of water diverted, salvage per-acre-foot diverted was

also examined.

At the SWP, delta smelt salvage estimates were less than 300,000
fish in the initial two years of sampling, 1968 and 1969, but
exceeded 300,000 fish, ranging up to more than 1 million fish in
1970 and 1974 (Figure 8). 1In 1977, there was a precipitous
decline to 146,000 fish from 856,000 fish the previous year.
Salvage increased to about 238,000 delta smelt in 1978; however,
since 1979, the salvage of delta smelt has been consistently low,

less than 60,000 fish, and as low as 3,600 fish in 1986.

At the CVP, the estimated salvage of delta smelt was on the order
of 45,000 fish in 1979 and 1980, when smelt species

identification began (Figure 9). 1In 1981, the estimate increased
to about 275,000 fish, but since 1982, salvage has been very low,

ranging from 2,800 to 34,000 fish.

Despite the lack of smelt species identifications, total smelt
salvage estimates suggest that, as at the SWP, CVP salvage of
delta smelt tended to be greater from 1973 to 1978 than it has
been since 1979. Except in very recent years when the delta
smelt population has been very low, the vast majority of
identified smelt have been delta smelt at both the CVP and SWP

(Table 10). All of the pre-1979 CVP estimates of total smelt

34



Ge

SWP Delta Smelt Salvage

1400

1200

1000 |-

oo
3
T

Delta Smelt Salvage
Thousands
2
o
T

400 |

0 | b L
1960 1965 1970 1975 1980 1985 1990
YEAR

Figure 8. Annual salvage estimates for delta smelt at the State
Water Project fish screens.



ot

Delta Smelt Salvage

Thousands

300

CVP Delta Smelt Salvage

g

P
w
(=
1

=

50 |

-

I\ 1 '

VAN

1960

Figure

1965 1970 1975 1980
YEAR

9. Annual salvage estimates for delta sme
Central Valley Project fish screens.

1985

1t at the

1990



Table 10. Percentage of smelt salvage at State and Federal
Water Project fish screens formed by delta smelt,

1968-1989.
State Water Project Central Valley Project

Year Percent delta smelt Percent delta smelt
1968 100.0

1969 99.8

1970 97.3

1971 30.0

1972 98.9'

1973 100.0

1974 100.0

1975 100.0

1976 100.0

1977 78.6

1978 98.5

1979 78.3 54.9
1980 81.6 100.0
1981 94.8 99.9
1982 99.6 100.0
1983 96.5 99.0
1984 88.5 55.4
1985 41.8 80.6
1986 63.0 94.3
1987 34.7 7.4
1988 28.6 54.7
1989 16.4 25.4
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salvage varied from about 130,000 to 311,000 fish, a level

equaled subsequently only in 1981 (Figure 10).

Overall, salvage at the SWP and CVP fish screens has trended
substantially downward since 1976 (Figures 4, 8, and 9), despite
a trend of increasing water exports (Figure 11) which would lead
to increased salvage of fish if the smelt population was stable
or increasing. The one anomaly in this trend is the estimated

salvage of 275,000 delta smelt at the CVP screens in 1981.

When sampling effort is considered, by calculating numbers of
smelt salvaged per acre-foot of water diverted, pre-1979
abundance patterns appear to change somewhat, but, as for total
salvage, subsequent salvage per-unit-effort measures are

extremely low (except for 1981 at the CVP) (Figure 12).

Hence, the CVP/SWP salvage records are consistent with the other
data sets indicating that a major decline has occurred in the
delta smelt population; however, considering the sampling
deficiencies (all sampling in one location, seasonal and annual
variability in water export rate, and data quality control
problems) in these data bases, the midwater trawl and townet
surveys undoubtedly provide a better depiction of the timing and

magnitude of decline.
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UC Davis Suisun Marsh Survey

Drs. Peter Moyle and Bruce Herbold and classes at the University
of California, Davis have used otter trawls to sample fish
populations in Suisun Marsh sloughs since 1979. They have
provided us with their delta smelt abundance index for the Marsh
based on the number of smelt caught per tow each year. Over the
ll1-year survey, the UC Davis classes collected 465 delta smelt,
all but one of which was collected before 1984 (Figure 4). Delta
smelt were rather scarce when the survey began in 1979. cCatches
improved considerably in 1980 and 1981 with the peak catch of 229
fish occurring in 1981. Subsequently, in 1982 and 1983, delta
smelt abundance declined below the 1979 level, and since 1984

they have been virtually non-existent.

Because the UC Davis sampling locations are limited
geographically and because the geographical distribution of
delta smelt varies annually, we believe that other data sources
provide a better depiction of the overall population trend.
However, the UC Davis survey is consistent with the other data
sources in exhibiting a much lower current population of delta

smelt.
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Conclusions Regarding Delta Smelt Abundance Trend

All delta smelt abundance indices have declined in recent years,
but the timing of their decline varies somewhat depending on
which measure is used. The summer townet survey and fall
midwater trawl survey provide the best geographical coverage of
the delta smelt population; thus, they provide the best basis for
evaluating population trends. Information from the other data
sources confirms the general downward trend in delta smelt
abundance and allowed additional insight into distribution

patterns not covered by the summer and fall surveys.

Based on the summer and fall surveys, the delta smelt population
has been consistently low every year since 1983. While the
population had been as low or nearly as low in some previous
years, no multiple year period of low abundance had occurred

previously during the period of record beginning in 1959.

Looking at the decline by geographical areas (Figures 13 and 14),
it is apparent that the delta smelt decline may have begun
earlier in the south and east delta than in the rest of the
Estuary. An earlier decline in these areas is consistent with
the decline suggested by the fish salvage data from the water

project diversions in the south Delta.
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Sacramento is the Sacramento River

between Collinsville and Rio Vista. L. San Joaquin is
the San Joaquin River between Antioch and San Andreas
shoal west of the Mokelumne River.
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Except for the years since 1981, the fall indices do not show
good agreement with the summer indices, possibly reflecting
imprecision in one or both data sets, or that before 1981
environmental factors modified year class strength substantially
between summer and fall. 1In either case, the delta smelt
population decline since 1983 appears to have been a direct

result of lower recruitment to the summer population.

For further insight into the nature of the decline, we examined
the percent of the townet and midwater trawl survey tows that
caught one or more delta smelt and the mean catch in those tows
(Figure 15). In the townet survey the frequency of tows

capturing smelt has declined as has the mean catch in those tows.

These trends indicate that the summer population has fewer and
less dense aggregations than it did previously. The frequency of
fall tows capturing delta smelt has also declined, but the mean
catch in those tows has not changed appreciably. Hence, in the
fall there now are fewer aggregations, but those present are
similar in density and/or size to those of the past. This
difference in summer and fall data may reflect an increased
tendency toward schooling behavior as the smelt grow older.

Since delta smelt abundance has declined in all areas (Figures 13

and 14), it is apparent that the decline in the number of tows

46




60’ 30
30 25
]
P 407 20 §
. "
. p
€ 301 15 .
. A
v Y
‘v 201 - 10 ¢
M
10 -
01~ F 0
Ty T rTrrryyrryrrryyrYrryYrryrrrrra77vy v vy vy

358 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90

40 1 12
10
30 "
L 1 4
€ *a
N
R
E“ 6 ¢
" T
) L
¢
107 ]
P 2
01, 0
¥ T T T ryrryrrrryr i rrroT

358 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90

YEAR

Figure 15. The percent of tows capturing delta smelt (solid line)
and the mean catch of delta smelt in those tows
(dotted line).

47




capturing them is not due to a diminishing of the delta smelt’s
range within the Estuary. Instead, the decline is simply due to
reduced probability of capture associated with a general decline

in abundance.

To determine if the apparent decline in delta smelt abundance was
statistically significant, we used an Analysis of Variance
(ANOVA) with Tukey’s test for grouping years for which there are
no significant differences. This analysis was based on
logarithmic transformations of catch per tow in the townet and
trawl surveys. The ANOVA demonstrated significant differences
between years and the Tukey'’s ranking generally separated the
recent years into a common group separate from earlier years
although there were a few exceptions such as 1959, 1963 and 1969

in the townet survey groupings (Tables 11 and 12).

Population Size

To address the question of delta smelt abundance, we multiplied,
for the fall midwater trawl survey, the ratio of delta smelt
juveniles to young striped bass by rough estimates of striped
bass population size which are available for 8 years. Using this
approach, albeit imperfect due to unknown catch vulnerabilities,
we estimate that the fall delta smelt population is now several
hundred thousand fish (Table 13). In the early 1970s, estimates

were on the order of 2 million fish.
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Table 11. Tukey’s studentized range test for detecting
differences in log,, mean catch per tow of delta smelt by
the townet survey. Means with the same Tukey grouping
letter are not significantly different (p. <0.10).

Tukey Grouping Mean N Year
A 0.56 174 1961
A B 0.53 167 1976
A B C 0.48 186 1962
A B C D 0.43 176 1971
A B C D. 0.43 186 1964
A B C D 0.42 135 1960
A B C D 0.41 175 1975
A B C D 0.40 184 1978
B C D E 0.38 183 1980
B C D E 0.38 172 1974
B C D E 0.38 186 1970
B €C D E 0.36 176 1982
C D E 0.35 152 1977
C D E 0.35 176 1981
C D E F 0.38 186 1965
D E F G 0.29 172 1972
D E P G H 0.27 178 1973
E F G H 1 0.22 189 1979
F G H I 0.17 134 1959
F G H I 0.16 181 1986
G H I 0.14 186 1963
H I 0.12 151 1983
H 1 0.11 182 1969
H I 0.10 161 1984
I 0.07 159 1988
I 0.07 175 1987
I 0.05 164 1985
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Table 12. Tukey’s studentized range test for detecting differences .
in log,, mean catch per tow of delta smelt for the midwater
trawl survey. Means with the same Tukey grouping letter
are not significantly different (p <0.10).

Tukey Grouping Mean N Year
A 0.31 326 1980
A 0.30 324 1973
A B 0.25 295 1975
B C 0.20 385 1970
B C 0.19 404 1968
c D 0.17 390 1971
C D E 0.17 364 1972
C D E F 0.14 335 1967
CcC D E F 0.14 332 1981
D E F G 0.11 332 1969
D E F G 0.11 478 1977
E F G 0.10 456 1978
E F G 0.10 358 1982
F G 0.08 364 1986
F G 0.08 353 1984
F G 0.07 386 1887
G 0.05 370 1983
G 0.04 358 1985
G 0.04 369 1988
50



Table 13. Estimates of Delta Smelt abundance based on the
ratio of Delta smelt abundance to young striped bass
abundance in the fall midwater trawl survey
multiplied by population estimates of young striped
bass derived from a life table analysis.

Striped Delta
Striped Delta Ratio Bass Smelt
Bass Smelt Smelt: Population Population
Year Index Index Bass (in millions) (in thousands)
1968 4109 696 .17 1.8 300
1970 8144 1677 ;21 8.1 1670
1971 9069 1306 .14 11.9 2670
1972 6101 1267 .21 12.7 2630
1975 4538 698 .15 1.6 240
1977 844 483 .57 0.4 230
1984 6584 181 .03 11.8 350
1985 1757 109 .06 4.7 280
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Population Age Structure

We examined length-frequency data for the townet and midwater
trawl surveys for 1977, 1978 and 1980 to learn more about the
size and age structure of the population (Figures 16 and 17). 1In
both data sets, two year classes of delta smelt were evident.

The juveniles from the current year’s production form one group
in the size range of 15 mm to about 65 mm in summer and up to
about 90 mm in the fall. Second groupings of larger smelt up to
130 mm indicate that a few adults survive the rigors of spawning
and live into the following winter. However, since these larger
adults are so scarce, one-year old fish form almost the entire

spawning population each year.

FACTORS AFFECTING DELTA SMELT ABUNDANCE

What factors regulate abundance of each year class of delta
smelt? Considering that most delta smelt spawn only once, the
abundance of the previous year class and its eqgg production is
potentially important. We evaluated the potential role of egg
production by examining spawner-recruit relationships using the
summer townet survey data alone, a combination of the summer
townet data and the midwater trawl data, and the midwater trawl
data alone (Figure 18). 1In the best case, that for the midwater

trawl data alone, the spawning stock abundance accounted for
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about one-quarter of the variability in recruitment (abundance

ofthe next year class).

If egqg production was the sole factor influencing year class
success, the delta smelt population would be stable. In reality,
abundance indices (based on fall trawl survey) have varied from
105 (1985) to 1840 (1980), a 17.5 fold difference. Also, as
described previously, until 1981, the fall and summer indices did
not show good agreement. These facts and the relatively weak
spawner-recruit relationships.strongly suggest that abundance of
a delta smelt year class largely depends on the environmental
conditions experienced by the eggs and young fish. We used
multiple regression analyses to search for environmental factors
which may affect delta smelt abundance. Specifically, we

examined potential effects of:

1) Delta outflows - Moyle and Herbold (1989) suggest that delta
smelt year class production is favored by moderately high
flows which place the primary nursery area in the Suisun Bay
region. Outflows are known to influence abundance of
several other species in the Estuary including striped bass
(Turner and Chadwick 1972, CDFG 1987), longfin smelt

(Spirinchus thaleichthys), American shad (Alosa sapidissima)

(Stevens and Miller 1983) and bay shrimp (Crangon sp) (Bay-
Delta Project, unpublished). We included outflow and

outflow’ terms. The outflow’ term allows the regression
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2)

3)

4)

predictions to decline if smelt abundance peaks at moderate
flows and declines at higher flows.

Diversions from the spawning and nursery area - Major State
and Federal water projects, Pacific Gas and Electric Company
power plants, and other industry and local agriculture
operations divert huge amounts of water from the Delta
during the spawning and nursery period (pages 62 to 73).
Many young and adult delta smelt entrained by these
diversions are removed from the population. Recent analyses
(Stevens et al. MS) indicate that such entrainment losses
have caused a severe decline in the Sacramento-San Joaquin
Estuary’s striped bass population. We used total water
exports as measures of diversions.

Food supply - Delta smelt feed on zooplankton, especially
copepods (pages 4 to 6). Thus, availability of these
zooplankton for young smelt potentially could affect their
growth, survival and abundance. We used copepod densities

(exclusive of nauplii and Sinocalanus doerii) to measure -

food supply.
Reverse flow - Due to water project pumping in the south
delta the lower San Joaquin River frequently flows backwards

and transports small fish toward the diversions (pages 64 to

'67). Moyle and Herbold (1989) suggest that this process is

detrimental to delta smelt. We used the number of days of
net reverse flow at Jersey Point on the San Joaquin River as

our measure of reverse flow.
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5) Water temperature - Temperatures may affect delta smelt
abundance through effects on growth and mortality. We used
average maximum temperatures from the U.S. Geological Survey
monitoring station on the Sacramento River at Freeport to
provide a general, albeit imperfect, indication of annual
temperature conditions.

6) Water transparency - Water transparency may reflect general
productivity of the Estuary and/or vulnerability of delta
smelt to predation by other fishes. Delta waters have
tended to become clearer in recent years (California Fish
and Game 1988). We used average Delta-Suisun Bay secchi
disc readings from the Bay-Delta project’s zooplankton

survey as a general indicator of water transparency.

We tested one, two and three variable models for the summer
townet survey and fall midwater trawl survey indices using all
combinations of these environmental factors (RSQUARE procedure in
SAS version 5, 1985). Both abundance indices were evaluated
against averages of the environmental factors during the March-
June spawning and early nursery period, and the fall midwater
trawl index was also evaluated against averages for the July-

October late nursery periced.

Care must be taken in interpreting results of such regression
searches, as even the moderate number of input variables that we

used, may lead to some chance relationships which are spurious.

58



At best, any of the regression models should only be considered

as "suggestive" mechanisms which require further testing.

R’ values indicate that none of the models based on March-June
environment explain a satisfactory amount of variability in smelt
abundance (Appendices E and F). Of the July-October variables,
copepod abundance and water transparency dominated the best
models and themselves accounted for almost 70% of the variability
in the midwater trawl index (Appendix G). However, despite this
apparent agsociation between delta smelt abundance and July-
October copepods and water transparency, the importance of these
factors should, at best, be considered tentative. Comparisons
between the summer townet survey and fall midwater trawl indices
suggest that since 1983, at least, delta smelt year class

strength has been set before July.

THREATS

Numerous factors potentially threaten the existence of the delta
smelt which has probably been at all-time low abundance levels
since 1983. Discussion of several of the most obvious factors

i

follows.
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Food Supply

Zooplankton abundance in the Estuary has been monitored by the
Department’s zooplankton monitoring survey since 1972.
Zooplankton also have been monitored in the spring since 1984 by
the striped bass egg and larva survey. These surveys demonstrate
that densities of E. affinis, the most common copepod in the
delta smelt’s diet, were relatively stable prior to 1988.

However in 1988, a major decline in E. affinis occurred over much
of the delta smelt’s range (Table 14). This decline coincided
with the accidental introduction and population explosion of the
clam, Potamocorbula amurensis, (pages 78 and 79). The most
recent years, 1988 and 1989, provide somewhat ambivalent results
regarding the impact of the decline of E. affinis on delta smelt.
In 1988, the midwater trawl index for delta smelt was at its next
to lowest level; however, in 1989, while still very low from a
historic perspective, this index rebounded to its highest level
since 1983. Nevertheless, the recent decline in this major diet
component, still must be considered as a potential threat to the
delta smelt’s recovery unless other food resources compensate or

E. affinis recovers to its former abundance.
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Table 14. Mean Density of Eurytemora affinis per m’ in the Estuary
during May and June.

- ‘ EC < 1000 usS EC > 1000 us
Year Zooplankton Egg and Larva Zooplankton Egg and Larva
Survey Survey Survey Survey

1972 588 4301

1973 589 1884

1974 1017 4980

1975 378 1378

1976 369 i 1794

1977 370 . 2232

1978 639 4172

1979 262 2390

1980 176 1466

1981 258 1410

1982 533 3246

1983 806 2673

1984 128 64 1556 737
1985 51 50 1006 465
1986 485 82 2504 1128
1987 389 - 1437 -
1988 106 48 88 58
1989 —-—- 22 -- 29
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Low Spawning Stock

our evaluation of factors regulating delta smelt abundance failed
to show that spawning stock abundance had a major influence on
delta smelt year class success (pages 52 to 56). Nevertheless,
the relatively low fecundity of this species and their planktonic
larvae, which undoubtedly incur high rates of mortality, means
that annual reproduction must be accomplished by fairly large
numbers of fish if the population is to perpetuate itself. (Moyle
and Herbold 1989). Thus, while the stock abundance may not have
been an important factor in the past, present or future low stock
levels may inhibit potential for population recovery. Pimm et
al. (1988) show that small species with variable populations,
like delta smelt, become increasingly vulnerable to extinction as

their populations decrease.

Entrainment in Water Diversions

Delta smelt larvae are lost to entrainment in water diversions of
the CVP, SWP, and Delta agriculture, the Pacific Gas and Electric

Company (PGE) and other industry using water from the Estuary.

The PGE power plant intakes are screened, but these screens are
ineffective on larval fish. 1In 1978-1979, more than 50 million

and 16 million smelt larvae (delta smelt & longfin smelt - -

62



larval smelt are difficult to identify to species and there has
not been an attempt to identify them during any of the
entrainment monitoring programs) were estimated to have been
entrained at PGE’s Pittsburg and Contra Costa power plants,
respectively (PGE 1981a, 1981b). Also, estimates of impingement
of larger delta smelt juveniles on the power plant intake screens

were 11,000 fish at Pittsburg and 6,400 fish at Contra Costa.

There is no information available on delta smelt losses in the
myriad of delta agriculture diversions which are not screened at
all. However, during sampling on 20 days from November 1980-May
1981 and September 1981-March 1982, the delta smelt was the most
numerous species entrained in the unscreened Roaring River Slough
diversion from Montezuma Slough for water distribution in the
Suisun Marsh (Pickard et al. 1982). This sampling, which
generally consigted of placing a net over 1 of 8 intake culverts

for several hours, captured 5,841 delta smelt.

Substantial entrainment losses also occur at the CVP and SWP
despite their intakes being miles from the primary spawning and
nursery areas. These losses occur due to the magnitude of the
water project diversions, their impact on Delta flow patterns,
and the tendency for young delta smelt to be transported and

dispersed by river and estuarine currents.
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The CVP and SWP pumps are located at the southern edge of the
Delta, but pumping rates usually exceed the flow of the San
Joaquin River entering the Delta from the south; therefore, most
of the water that they export must come from the Sacramento
River. Approximately the first 3,500 cfs of flow exported from
the Sacramento River crosses the Delta through the CVP’s Delta
Cross Channel and Georgiana Slough near Walnut Grove and flows to
the pumps through natural channels upstream from the mouth of the
San Joaquin River. Young smelt that were spawned in the water
transpoft éhannels or in the Sacramento River upstream from
Walnut Grove would be particularly vulnerable to this water
management scheme. At higher export rates, water is drawn up the
San Joaquin River from its junction with the Sacramento River
(Figure 19). Such net upstream flows in the San Joaquin River
are typical in all but wet springs, and in the summer and fall of
all years. The upstream flows entrain young smelt from the

western Delta and carry them to the water project intakes.

Moyle and Herbold (1989) found that high frequencies of reverse
flows in the San Joaquin River during spring were always
associated with low abundances of delta smelt in Suisun Bay in
the fall (Figure 20) while low frequencies of reverse flows
sometimes were associated with high abundances of delta smelt.
They (MS) also point to a trend of increasing reverse flows in

the San Joaquin River, especially during the spawning months.
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Figure 19. Typical summer flow patterns in the Sacramento-San

Joaquin Delta. CVP-SWP export pumping has changed the
natural flow patterns. Reverse flows transport many
delta smelt from their nursery to the CVP-SWP
diversions in the south Delta.
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Such, an association between reverse flows and smelt abundance is
conceptually reasonable although it may, at least partly, reflect
other correlated impacts of low river inflows or outflows. The
sometimes low abundance indices at low reverse flows and the lack
of association between reverse flows and smelt since 1983
indicate that reverse flows are not the sole mechanism driving
the delta smelt population. A plot using the total population
index is similar to that for the Suisun Bay portion, except for
1972 when delta smelt abundance was high despite 72 days of

reverse flows during March-June (Figure 21).

Even when the net flow of the lower San Joaquin River is not
reversed, net flow usually is still reversed in the southern
Delta; thus, deltawide, there is dispersal of fish associated
with the ever changing tides which maintains their exposure to
entrainment by the CVP and SWP. The reverse flow of the southern
Delta draws young fish and their food organisms out of the
spawning and nursery areas to the north and transports them to

the diversion sites.

The louver screens in front of the SWP and CVP pumps guide many
of the young fish to holding tanks and tank trucks in which they
are transported back to the western Delta and released. However,
numerous fish, particularly larvae and others too small to swim

well, pass through the screens and are lost into the aqueduct
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system. Substantial numbers of the many young delta smelt that
are salvaged (pages 31 to 41) also die due to stresses received
during the handling and trucking. Others are eaten by larger
fish in the SWP’s Clifton Court Forebay and near the trash racks
at both the CVP and SWP screens. These factors have not been
evaluated for delta smelt but are known to be significant

detriments to striped bass (DFG 1987).

Delta smelt are most vulnerable to entrainment during spring and
summer as shown by the number salvaged per-acre-foot of exports
by the SWP (Figure 22). This pattern reflects the late
winter;spring spawning season and growth and mortality of young
fish. During April and May, abundance of young smelt at the SWP
and CVP diversions probably is greater than shown in Figure 22.
However, this tendency is not displayed by the salvage estimates
because the smelt are so small that they pass through the screens
and are not salvaged during the first month or two of life.

Also, smaller smelt are not readily identifiable by the

technicians responsible for sampling salvaged fish.

The intra-year salvage pattern in 1977-1978 was a notable
exception to the typical pattern. Through much of 1977, water
exports were reduced, due to a major drought, and while a delta
smelt salvage peak occurred in July, the greatest entrainment and

salvage of the 1977 year class occurred from December 1977

69



0L

Mean Monthly CPUE at SWP and CVP

0.7

=)
o

CPUE (Tish per Acre/Foot)
©e © © o
-~ N b A

o

&

SWP (1968-1989) CVP (1979~1989)
0 2 4 6 8 10 12 4
MO
--SWP _ CVP

Figure 22. Mean monthly salvage of delta smelt per acre foot of

water diverted by the State Water Project and Central
Valley Project.



through February 1978 when water exports increased after the
drought broke (Table 15). In fact, the salvage of 134,000 delta
smelt at the SWP in January 1978 almost equaled the total for
allof 1977 (146,000 fish) and exceeds the annual totals for all

subsequent years.

What is the importance of entrainment losses with respect to the
population decline of delta smelt? This is unclear. Comparisons
of estimated population levels (Table 13) and salvage estimates
(Figures 4, 8 and 9) suggest éntrainment losses potentially could
cause major reductions in delta smelt abundance. The greatest
annual salvage, and probably losses, to water project diversions
occurred from 1970 to 1976 (Figure 8). Considering that few
delta smelt live beyond 1 year, if such entrainment depleted the
population, the impact should be noticeable the following year.
Yet the population apparently did not crash until 1983, 13 years
after 1970, the initial year of record with a major salvage.
Also, looking at the salvage data alone, one might hypothesize
that the unusual entrainment of maturing adults in 1977-1978 had
critically depleted the stock, but again this hypothesis is
inconsistent with the population trend depicted by the more

comprehensive trawl and townet survey indices.

Nevertheless, delta smelt are ecologically similar to young

striped bass which have been severely impacted by water
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Table 15. Estimated Salvage of Delta Smelt and Water Exports at
the State Water Project diversion in the southern
delta, during 1977-1978.

Month Delta Smelt Salvage Exports (thou. acre ft

1977 Jan 6980 205
Feb 2430 106
Mar 1707 97
Apr ' 2975 14
May 3017 68
Jun 3033 17
Jul 43489 20
Aug 6435 15
Sep 17890 9
Oct 2528 8
Nov 350 51
Dec 55101 224

1978 Jan 134089 365
Feb 53960 343
Mar 4217 108
Apr 130 35
May 3523 59
Jun 36289 201
Jul 1034 211
Aug 2658 246
Sep 244 211
Oct 60 127
Nov 473 131
Dec 900 169
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diversions (CDFG 1987, Stevens et al. MS.). Delta smelt are
vulnerable to diversions throughout their life cycle,
particularly in dry years, when they are concentrated in the
Delta from which the water is diverted. Thus, even if water
diversions were not directly responsible for the delta smelt
population decline, their drain on the population may be a

significant factor inhibiting recovery.
Toxic Substances

Dr. Moyle’s petition points out that the Estuary receives a
variety of toxic substances, including agricultural pesticides,
heavy metals, and other products of our urbanized society. The
effects of these compounds on delta smelt have never been tested,
and their effects on fishes in general are poorly understood.
Some of these substances are known to occur in the Estuary’s
fishes at levels that may inhibit their reproduction (Jung et. al
1984) or are sufficient to trigger health warnings (e.g. Mercury
in striped bass) regarding human consumption. Also, recent
bioassays by the Central Valley Regional Water Quality Control
Board (Foe 1989) suggest that water in the Sacramento River is,
at times, toxic to larvae of the fathead minnow, a standard EPA
tesf organism . However, the timing of the delta smelt decline
is not consistent with the increased, mid-to late-1970s, use of

the chemicals thought to cause mortality in these bioassays.
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Although there is no direct evidence of delta smelt suffering
direct mortality or stress from toxic substances, this factor
obviously cannot be eliminated as a potential agent adversely

affecting the delta smelt population.

Flows Out of Optimal Range

Moyle and Herbold (1989) point out that the years of the major
smelt decline have been characterized by not only unusually dry
years with exceptionally low outflows (1987, 1988), but also by
unusually wet years with exceptionally high outflows (1983,
1986). They-suggest that moderately high flows are most
beneficial in that they cause the primary delta smelt nursery
area, which is the mixing zone of the Estuary, where outflowing
freshwater meets incoming tidal water, to be located in Suisun
Bay. Moyle and Herbold developed a complex analysis which
suggests high productivity (as reflected in phytoplankton and
zooplankton abundance) in the mixing zone is one of the strongest
determinants of delta smelt abundance. This high productivity is
associated with the establishment of the mixing zone in the
shallow water of Suisun Bay. Thus, they suggest moderately high
outflows are important in that food becomes more available for
larval smelt than when outflows are extremely high or too low.
Higher and lower outflows place the mixing zone and nursery too
far downstream or upstream. Low outflows also are detriments in

that the delta smelt population concentrates in the Delta portion
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of the Estuary where they are most vulnerable to becoming

entrained in water diversions.

Moyle and Herbold’s thesis is logical; however, it is not
entirely supported by the abundance indices that we have
described. For example in 1972, the fall midwater trawl index
was quite high despite low outflows and a levee break on Andrus
Island drawing the mixing zone well into the Delta during June.
Also, relatively high summer townet survey indices suggest early
survival of delta smelt larvae was high during the drought of
1976 and 1977. Subsequent survival of these year classes
appeared to be low, however. Furthermore, our multiple
regression analysis (pages 56 to 59) did not indicate that delta

smelt abundance is controlled by delta outflows.

Figure 23 illustrates the best relationship (selected from R?
values after running all possible 2 consecutive monthly subsets
from February to June) between the fall midwater trawl abundance
index, delta outflow, and delta outflow’. As explained
previously, the outflow’ term allows the regression predictions
to decline if smelt abundance peaks at moderate flows and
declines at high flows. Again, there is no evidence that outflow

has had major effects on delta smelt abundance.
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Notably, the recent series of very weak year classes began in
1983 which had a record sustained period of high spring outflows.
That year, a substantial portion of the year class likely was
washed far beyond Suisun Bay and perhaps entirely out of the

Estuary.
Genetic Dilution

The closely related wagasaki, or Japanese smelt, was introduced
in 1959 by the Department of Fish and Game into six California
lakes and reservoirs: Dodge Reservoir (Lassen County), Dwinnell
Reservoir (Siskiyou County), Freshwater Lagoon (Humboldt County),
Spaulding Reservoir (Nevada County), Sly Park Reservoir (El
Dorado County) and Big Bear Lake (Sén Bernardino County) (Wales
1962). They have subsequently been introduced into other
reservoirs, including Shastina Reservoir (Siskiyou County) and
Almanor Reservoir (Plumas County) (Moyle 1974, Moyle and Herbold
1989). Although the status of the introduced populations is
uncertain, the potential exists for this fish to appear anywhere
in the lower Klamath River system, the Sacramento River system,
and possibly other systems as well (Moyle 1974). Wagasaki were
collected from Folsom Reservoir (El Dorado County) by Department
biologists in 1989 (D.P. Lee, Associate Fishery Biologist, CDFG,

pers. comm.).
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The wagasaki may hybridize with Delta smelt, but whether they
have is not known, nor is it known if such hybridization could
have a negative effect on the fitness of the Delta smelt. Thus,
the threat of loss of genetic integrity or the possibility that
the wagasaki could displace the Delta smelt completely through
introgression or direct competition (Moyle and Herbold 1989)

should be considered as speculative.

Exotic Species

Since the early 1970s, several exotic species, including both
fish and invertebrates, have been accidentally introduced into
the Sacramento-San Joaquin Estuary and become firmly established.
A fish, the inland silverside (Menidia berylina), similar in size
and food requirements to delta smelt, entered the Estuary in 1975
(Meinz and Mecum 1977) after flood flows transported it to the
Delta from Clear Lake where it was intentionally, but illegally,
introduced in 1967 (Fisher 1973). The invertebrate introductions
have occurred through the discharge of organisms carried in
ballast water of ships. The exotic invertebrates have included,
since 1978, four species of zooplankton, all copepods

(Sinocalanus doerii, Limnoithona sinensis, Oithona davisae, and

Pseudodiaptomus forbesi); an amphipod (Lagunogammarus sp.); and a

clam (P. amurensis). All of these invertebrates are of Asian

origin. Some of these exotic species invasions and their
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population explosions occurred before, others occurred after, but

none coincide with the delta smelt decline.

Of the exotic copepods, S. doerii (established 1978) and P.

forbesi (established 1986) have become particularly abundant.

tn

doerii apparently is rarely eaten by delta smelt; however, P.
forbesi is now a major part of their diet. Laboratory
experiments (Meng and Orsi, University of California, Davis and
CDFG, respectively) have shown that larval striped bass readily
take P. forbesi, but have difficulty capturing S. doerii.
Apparently, the same is true for delta smelt. Potentially, the
establishment of P. forbesi should compensate for the substantial
decline in E. affinis which occurred during 1988 and 1989.
However, since P. forbesi’s annual cycle is such that it does not
become abundant until summer, it is not readily available for the
initial feeding of young smelt during the spring. Circumstantial
evidence, from field monitoring and some sketchy laboratory
experiments, suggests that filtering by the clam, P. amurensis,
may have caused the decline in E. affinis which, historically,
was available to delta smelt during their early nursery period.
While this decline in E. affinis occurred after the decline in
delta smelt, its near absence, possibly caused by the exotic, P.

amurensis, may inhibit the smelt’s recovery.
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Disease and Parasites

Diseases and parasites of delta smelt have never been studied;
thus, there is no evidence concerning their role in the
population decline. General studies on parasites of Delta
fishes, however, have found numerous protozoans, worms
(trematodes, cestodes, nematodes, etc.) and crustaceans which
have affected at least 28 species of fish (Edwards and Nahhas
1968, Hensley and Nahhas 1975). Striped bass in the Delta are
more heavily infested with parasites than Atlantic coast striped
bass, perhaps indicating that the Delta environment may be
degraded by toxicants or pollutants to the point that resistance
to parasites in resident fishes is weakened (CDFG 1989). Also,
widespread sightings of dead fish suggest that, in some years,
disease outbreaks have caused mass mortalities of carp (Cyprinus
carpio) and white catfish (Ictalurus catus) in California’s
Central Valley including the Delta. If disease or parasites are
important or should they become important, they certainly could
prevent the recovery of delta smelt from current population

levels.

Competition and Predation

Delta smelt evolved with native predators such as squawfish

(Ptychocheilus grandis), Sacramento perch (Archoplites
interruptus), and steelhead (Oncorhynchus mykiss); however,
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predation by these species, none of which is currently abundant
in the Estuary, is unlikely to be responsible for the relatively
recent decline observed in Delta smelt. Striped bass, which were
introduced in 1879, have been the most abundant predator (adults
and sub-adults) and competitor (young) in the portion of the
Estuary inhabited by Delta smelt, but striped bass also have
suffered a serious decline which began in the 1970s and preceded
the decline in delta smelt. Also, abundance indices for several
other potential predators or competitors did not exhibit
increases that could account for reduced delta smelt abundance
(Figure 24). In fact, several of those potential competitors or
predators--longfin smelt, threadfin shad and white catfish--also
show signs of population erosion approximately coinciding with,
or, in the case of white catfish, preceding the decline of delta

smelt.

In essence, there just has not been a consistent increase in the
abundance of any potential predator or competitor that could

account for the decline of delta smelt.

Drs. Moyle and Herbold (1989) suggest that the Department’s
effort to enhance the Sacramento-San Joaquin striped bass
population through the stocking of hatchery-reared fish could
cause excessive predation on delta smelt. Striped bass are
highly pisciverous (eat other fish); however, comprehensive

striped bass food habit studies (Stevens 1966, Thomas 1967)
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Figure 24. Trends in midwater trawl abundance indices of
potential competitors or predators of delta smelt.
These abundances have either decreased or been stable
coincident with the period of decline in Delta smelt
except for the yellowfin goby which generally has been
more abundant. There were no trawl surveys in 1974
and 1979.
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indicated that, while delta smelt were occasionally consumed,
they were not a significant prey of striped bass even in the
early 1960s when delta smelt and striped bass were both much more
abundant. Thomas (1967) notes that several potential prey
species, including delta smelt, were less abundant in the striped
bass diet than expected based on their abundance in the
environment. Factors which reduce the availability of delta
smelt and certain other species to striped bass are not

understood.

Thus, while competition and predation cannot be ruled out as
threats to delta smelt, the available evidence suggests that they

are not a major threat.

CONCLUSIONS

We have examined several measures of delta smelt abundance; all
indicate that the population has declined, although these
measures are not consistent in their depiction of the timing and
magnitude of the decline. The best measures, based on the summer
townet and fall midwater trawl surveys, indicate that delta smelt
abundance consistently has been lower since 1983 than in previous
years. Based on the midwater trawl survey, the average

population since 1983 (index of 175) has only been about one-
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fifth of the average population level (index of 861) from 1967 to
1982, and one~tenth of the peak level (index of 1840) in 1980.
Delta smelt abundance has been highly variable over the period of
record. Our evaluation of factors potentially affecting delta
smelt abundance did not point strongly to any particular cause of
this variability or the sustained population decline since 1983.
However, failure to identify factors regulating the population
does not mean the tested factors are not important. Such failure
may simply reflect sampling associated variability in our

measures of delta smelt abundance and/or the environment.

The Fish and Game Commission is guided by the State Endangered
Species Act and the guidelines promulgated under this Act in
determining whether a species may be properly listed as
endangered or threatened. Section 670.1(b) of Title 14 of the
California Code of Regulations sets forth the listing criteria.
Under this section, the Commission may list a species if it finds
that its continued existence is in serious danger, or is

threatened by any of the following factors.

° Present or threatened modification or destruction of
its habitat;

° overexploitation;

° predation;

° competition;
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° disease; or

other natural occurrences or human-related activities.

To meet the State Endangered Species Act’s definition of

"endangered", a species must be:

(1)
(2)
(3)

(4)

a native species or subspecies;

a bird, mammal, fish, amphibian, reptile or plant;

in serious danger of becoming extinct throughout all,
or a significant portion, of its range;

affected by loss of habitat, change in habitat,
overexploitation, predation, competition, or disease

(Cal. Fish and Game Code Sec. 2062).

A "threatened" species is a species which is "likely to become an

endangered species in the foreseeable future" in the absence of

the special protection provided by the Act. (Sec. 2067). The

Fish and Game Code (Sec. 2072.3) lists additional factors

relevant to a determination that a species is threatened or

endangered:

° population trend;

° range;

° distribution;

° abundance;

°® 1life history;
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° ability to survive and reproduce;
° degree and immediacy of threat;
° existing management efforts;

° type of habitat.

Dr. Moyle’s petition declares: "The Delta smelt.fits the
definition of an endangered species as it is in danger of
extinction throughout its entire limited range. It is vulnerable
to extinction because (1) it is short-lived, (2) it has
relatively low fecundity, (3)'it is a planktivore throughout its
life cycle, and (4) it is confined to the upper Sacramento-San
Joaquin estuary.”" Our analysis indicates that declarations (1)-
(4) are true. Additionally, introductions of exotic organisms
have altered the delta smelt’s food supply, and water projects
have adversely modified the delta smelt’s habitat, distribution
and probably abundance within the Estuary. While our analysis
failed to determine the specific relationships between these
threats and the smelt population, that is not crucial to
determining whether delta smelt should be listed as threatened or

endangered.

Major adverse habitat modifications include effects of changes in
the character and position of the salinity gradient and
exploitation through entrainment in diversions. Such population
threats are likely to worsen or, at best, remain stable (Table

16). Trends in abundance of other species, such as striped bass,
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Table 16. Probable Trend in Delta Smelt Population Threats.
W = worse, S = Stable

Threat Trend
Inadequate Food Supply S
Inadequate spawning stock S or W
Entrainment Losses W
Toxicity ?
Delta outflows W
Genetic dilution S

Exotic introductions S (if shig ballast discharges are
controlled), W (if ship ballast
discharges are not controlled)

Disease and parasites S or W
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also point toward a general degradation of the delta smelt’s

"habitat.

Thus, the delta smelt population trend, certain life history
attributes, and environmental threats tend to support "listing".
The most relevant issue, however, is whether the population is
low enough that it is in danger of extinction. The scientific
information is insufficient to make that determination.
Unfortunately, it is a very complicated scientific determination,
and no scientific study which we might implement will provide a
conclusive answer in the next few years. Meanwhile the

population might become extinct.

The Department of Fish and Game believes that the relatively

stable, albeit low, population is not in imminent danger of

extinction. One factoer supportlng thls contention is that the
population has historically rebounded quickly from levels nearly
as low as present ones. While we cannot be certain that such
rebounds will not happen again, the persistent low populations
since 1983, the nature of the delta smelt’s life history and
distribution, and increasing threats to its habitat lead us to
conclude that the delta smelt may well.'"become an endangered
species in the forseeable future". Hence, based on the best

scientific information available (Section 2074.6 CESA), the
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Department believes that the most prudent action is to list the

delta smelt as a Threatened Species.

RECOMMENDATIONS

Petitioned Action

1. The Commission should find that the petitioned action that
is warranted is for the status of State Threatened.

2. The Commission should publish notice of its intent to amend
Title 14 CCR 670.5 to add the delta smelt (Hypomesus
transpacificus) to its list of Threatened and Endangered

Species.

Recovery and Management Actions

- The Department’s objective is the protection of a sufficient
number of delta smelt to insure their long-term survival in their
native habitat and range. In order to achieve recovery, the
population must be protected, monitored, and shown to be self-
sustaining. Annual monitoring and evaluation should be increased
after input from interested parties. Recovery goals and
reclassification criteria need to be established. When recovery
goals have been met, the Department will make recommendations to

the Commission regarding delisting this species.
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The following actions have potential to achieve management and

recovery objectives.

1. Improve species identification and fish handling procedures

at the existing State and Federal Water Project diversions

from the Delta. Such actions could reduce present //’

entrainment losses to these major diversions. @ -~

I

2. Modify pumping strategies at the State and Federal Water

project diversions to reduce entrainment losses during

periods when delta smelt are most abundant.

3. Increase spring and summer delta outflows to maintain the
entrapment zone and major delta smelt nursery in the Suisun
Bay region where food supplies are greater than in the Delta

and exposure to diversions is minimal.

4. Support regulations restricting ship ballast water
discharges to eliminate or minimize new introductions of
potentially harmful exotic species. S 2244 and HR 4214
currently being considered by the U.S. Congress would create

such regulations.

5. Evaluate losses to agricultural diversions in the Delta.
Screening these diversions probably would reduce entrainment

and losses to local crop irrigation.

90



6. Remove water project diversions from the Delta. Moving the
diversion intakes to the Sacramento River upstream from the
major nursery area would do this and also provide benefits

to other species which formerly made more use of the Delta.

7. Consider developing pond culture techniques for the purpose

of creating "refuge" populations.

Alternatives to the Petititioned Action

If the Commission should choose not to list the Delta smelt, it
is our opinion that this fish would be deprived of protection
provided through recognition and formal consultation available to
a listed species. When a species is listed as Threatened or
Endangered, a higher degree of urgency is mandated, and
protection and recovery receives more attention from the

Department and other agencies than does a non-listed species.

In the absence of listing, it still would be possible to devise a
management plan for this species. However, this Departmental
status review indicates that the future existence of this species
is already seriously threatened. Despite good intentions on the
part of the Department and the Commission, promises of management
and protection for a non-listed species do not have the weight of

law behind them, and thus seldom receive high priority in the
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eyes of other agencies. Without the benefits of listing and the
cooperation of other agencies in preservation and recovery
actions, the species could decline further until the population
is no longer viable, and is no longer able to exist in

perpetuity. Eventually, extinction could occur.

Although the petitioner has requested listing of the Delta smelt
as Endangered, the Department has made the recommendation and the
Commission has the option to list this fish as Threatened
instead. Under this option, the Delta smelt would receive the
same special consideration and protection under CESA and the
California Environmental Quality Act (CEQA) as if it were listed
as Endangered. This Departmental status review indicates that
the continued existence of the Delta smelt is seriously
threatened throughout its range, and that this alternative is

appropriate.

PROTECTION AFFORDED BY LISTING

If listed, the Delta smelt will receive protection from take
during development activities subject to CEQA and will be subject
to formal consultation requirements under CESA. The species will
also be eligible for the allocation of resources by government
agencies to provide protection and recovery. During the CEQA

environmental review process, listed species receive special
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consideration, and protection and mitigation measures can be
implemented as terms of project approval. Species that are not
listed do not readily receive protection. The status of listing
provides a species with recognition by lead agencies and the
public, and significantly greater consideration is given to the
Department’s recommendations resulting from project environmental

review.

Listing this species increases the likelihood that State and
Federal land and resource management agencies will allocate funds
and personnel for protection and recovery actions that benefit
the Delta smelt. With limited funding and a growing list of
Threatened and Endangered species, priority has been and will
continue to be given to species that are listed. Those that are
not listed, although considered to be of concern, are rarely

given serious consideration under these circumstances.

ECONOMIC CONSIDERATIONS

The Department is not required to prepare an analysis of economic
impacts per CESA Section 2074.6. The Department is to provide a
report to the Commission "based upon the best scientific
information available to the Department, which indicates whether
the petitioned action is warranted, which includes a preliminary

identification of the habitat that may be essential to continued
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existence of the species, and which recommends management
activities and other recommendations for recovery of the

species".
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APPENDIX A

Section 2074.4 of the Fish and Game Code requires the Department of
Fish and game to notify affected and interested parties and landowners
and to solicit data and comments on petitions accepted by the Fish and

Game Commission.

To fulfill this requirement, the Department sent

notices and/or copies of the petition to the following persons and

organizations. Legal notices were placed in the newspapers indicated
below:

PERSONS/ORGS. RECEIVING DELTA SMELT PETITION AND/OR PUBLIC NOTICE
US Dept. of the Army Peter Grenell, Executive Officer

Sacramento District

Corps of Engineers

650 Capitol Mall
Sacramento, CA 95814-4794

Raymond E. Barsch, General Manager
State Reclamation Board

1416 Ninth Street, Room 455-6
Sacramento, CA 95814

Claire T. Dedrick, Exec. Officer
State Lands Commission

1807 13th Street

Sacramento, CA 95814

Tim Egan, President
California Waterfowl Assn.
3840 Rosin Court, Suite 200
Sacramento, CA 95834

Alan Pendleton, Exec. Director

SF Bay Conservation & Development
Commission

30 Van Ness Ave., Suite 2011

San Francisco, CA 94102-6080

Monica Liquori, Exec. Director
Suisun Marsh Natural History Assn.
1171 Kellogg Street

Suisun, CA 94585

Peter Douglas, Exec. Director
California Coastal Commission
631 Howard Street

San Francisco, CA 94105

William H. Ivers, Director
Dept. of Boating and Waterways
1629 S Street

Sacramento, CA 95814

State Coastal Conservancy
1330 Broadway, Suite 1100
Oakland, CA 94610

W. Don Maughan, Chairman
Water Resources Control Board
PO Box 100
Sacramento, CA 95801
Richard Spotts, Regional Rep.
Defenders of Wildlife

5604 Rosedale Way

Sacramento, CA 95822

Leland Lehman, President

Suisun Resource Conservation
District

PO Box 426

Suisun, CA 94585

Rick Coleman

SF National Wildlife Refuge
PO Box 524

Newark, CA 94560

Huston Carlyle, Jr., Director
Office of Planning & Research
1400 10th Street

Sacramento, CA 95814

Orville Abbott, Exec. Officer
California Water Commission
1416 9th Street, Room 1104-4
Sacramento, CA 95814

Henry R. Agonia, Director

Dept. of Parks and Recreation
PO Box 942836
Sacramento, CA 94296-0001



David N. Kennedy, Director
Dept. of Water Resources
PO Box 942836

Sacramento, CA 94236-0001

Sacramento 'County

Board of Supervisors

700 H Street, Room 2450
Sacramento, CA 95814-1280

Bob McKay, President or
Elizabeth Wright, Exec. Secretary
California Wildlife Federation
1023 J Street, Suite 203
Sacramento, CA 95814

Sylvia McLaughlin, President
Save SF Bay Association

PO Box 925

Berkeley, CA 94701

Laurel Mayer, Vice President
The Nature Conservancy
Western Regional Office

785 Market Street, Third Floor
San Francisco, CA 94103

Lawrence Downing, President
Sierra Club

730 Polk Street

San Francisco, CA 94109

Richard Hubbard, Exec. Director
California Natural Res. Federation
2830 10th Street, Suite 4 )
Berkeley, CA 94710

Robert Nuzum, President

CA Assn. Resource Conservation Dist.

1072 Juanita Drive
Walnut Creek, CA 94595

Edward Hastey, State Director
Bureau of Land Management

Federal Office Bldg., Room E-2841
Sacramento, CA 95825

Department Chair

Dept. of Biological Sciences
CSU-Sacramento

6000 J Street

Sacramento, CA 95819

Contra Costa County

Board of Supervisors

651 Pine Street, Room 106
Martinez, CA 94553

Solano County

Board of Supervisors
Solano County Courthouse
Fairfield, CA 94533

Gerald Meral, Exec. Director
Planning & Conservation League
909 12th Street, Suite 203
Sacramento, CA 95814

Charles Sibley

Tiburon Center for Environ. Studies
SF State University

Box 855

Tiburon, CA 94920

Jerry Bogges, President
The Oceanic Society

SF Bay Chapter

Fort Mason center, Bldg. E
San Francisco, CA 94123

Sheila Byrne

Pacific Gas & Electric Company
TES/Moore Building

3400 Crow Canyon Road

San Ramon, CA 94583

Dr. John McCosker

California Academy of Sciences
Golden Gate Park

San Francisco, CA 94118

Michael Stroud, Head

Natural Resources Branch

US Dept. of the Navy, Western Div.
Nav. Facilities Eng. Command,

Code 243, PO Box 727

San Bruno, CA 94066

Rolf Wallenstrom, Reg. Director
US Fish and wWildlife Service
Northwest Regional Office

500 NE Multnomah St., Suite 1692
Portland, OR 97232

Dr. Paul Ehrlich

Center for Conservation Biology
Stanford University

Stanford, CA 93405



Director

Museum of Vertebrate Zoology
UC Berkeley '

Berkeley, CA 94720

Dr. Peter Moyle

Wildlife and Fisheries Biology
UC Davis
Davis, CA 95616

Kenneth R. Boyd

American Water Works Association
PO Box 2108

Livermore, CA 94550

Daniel Phelan
Bay Area League of Industrial Assns
155 Jackson #305

San Francisco, CA 94111

Scott Hodley

Bay Institute of San Francisco
10 Liberty Ship Way #120
Sausalito, CA 94965

Greg Mannesto

US Army Corps of Engineers
650 Capitol Mall
Sacramento, CA 95814

Robert Helwick, Senior Attorney
East Bay MUD

2130 Adeline Street

Oakland, CA 94607

David Stewart

Water Management Division
Environmental Protection Agency
215 Fremont Street
San Francisco, CA 94105
Martin Seldon

Federation of Fly Fishermen
PO Box 2393

Sunnyvale, CA 94807-2393

Ron Davis

CA Municipal Utility Assn.
1225 8th Street, Suite 440
Sacramento, CA 95814

Dan Taylor

National Audubon Society
555 Audubon Place
Sacramento, CA 95825
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Department Chair

Dept. of Biology/Nat Resources
UC Berkeley
Berkeley, CA 94720

William H. Geyer
Consulting/Advocacy in CA Gov’t.
1029 K Street, Suite 33
Sacramento, CA 95814

Robert T. Cockburn

Bay Area Dischargers Association
2130 Adeline Street

Oakland, CA 94607

Steven McAdam

SF Bay Conservation/Development
Commission

30 Van Ness Avenue

San Francisco, CA 94102

Austin Nelson

Contra Costa Water District
PO Box H20

Concord, CA 94524

Robert Baiocchi, Exec. Dir.

CA Sportfishing Protection Assn.
1859 Salider Way

Paradise, CA 95969

Thomas Graff

Environmental Defense Fund
5655 College Ave., Suite 304
Oakland, CA 94618

Don May

Friends of the Earth
2333 Elm Street

Long Beach, CA 90806

Ellen Johnck, Exec. Director
Bay Planning Coalition

666 Howard St., Suite 301
San Francisco, CA 94105

Association of Water Agencies
910 K Street, Suite 250
Sacramento, CA 95814-3577

Lori Smallwood-Wallack

CA Water Resources Association
1127 11th Street, Suite 602
Sacramento, CA 95814



Jane Darby, Water Chairperson
League of Women Voters of Redlands
309 Marcia Street

Redlands, CA 92373

Eric Johnson

Pacific Gas & Electric Company
3400 Crow Canyon Road

San Ramon, CA 94503

Mitch Ryan

Sen. John Garamendi’s Office
State Capitol, Room 4081
Sacramento, CA 95814

John Coburn

State Water Contractors

555 Capitol Mall, Suite 575
Sacramento, CA 95814

John Beuttler

United Anglers of CA

2830 10th Street, Suite 4
Berkeley, CA 94710

Jim Arthur

US Bureau of Reclamation
2800 Cottage Way, Room 2137
Sacramento, CA 95825

Richard Oltman

US Geological Survey

2800 Cottage Way, Room W-2234
Sacramento, CA 95825

Laura King

Natural Resources Defense Council
90 New Montgomery, Suite 620

San Francisco, CA 94105

Bill Crooks, Executive Officer
Reg. Water Quality Control Board
3443 Routier Road

Sacramento, CA

Mike Valentine

State Lands Commission
1807 13th Street
Sacramento, CA 95814

Leo Winternitz

State Water Resources Control Board
Bay-Delta Program

901 P Street

Sacramento, CA 95814

Dr. Jack Williams

Fisheries Program Manager

US Bureau of Land Management
Division of Wildlife & Fisheries
18th and C Streets, NW
wWashington, D.C. 20240

Martin Kjelson

US Fish and Wildlife Service
4001 Wilson Way

Stockton, CA 95205

Robert Hagan ,
Yolo Co. Flood Control & Water
Conservation District

548 Oak Avenue

Davis, CA 95616

NEWSPAPERS WHICH PUBLISHED THE DELTA SMELT LEGAL NOTICE

Sacramento Bee
PO Box 15779
Sacramento, CA 95852

Fairfield Daily Republic
PO Box 47
Fairfield, CA 94533
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San Francisco Chronicle
901 Mission Street
San Francisco, CA 94103

Contra Costa Times
PO Box 5088
Walnut Creek, CA 94596



Beginning June 22, 1990 the Department of Fish and Game

circulated a draft report entitled "Report to the Fish and Game

Commission: A Status Review of the Delta Smelt (Hypomesus
prepared in

transpacificus) in California."

This report was

accordance with Section 2074.6 of the Fish and Game Code. The
draft report was provided to the following individuals and
organizations that responded to a November 27, 1989 public notice
to other individuals and organizations that the Department
identified as interested parties and to the general public. The
distribution of the draft report provided an opportunity for
public review and comment before the Department submitted a final
report to the Fish and Game Commission and ensured that the
Department had access to the best scientific information.

Ms. Betsy Bolster
Inland Fisheries Division
DFG - Region 2

Dr. Dennis Murphy
Dept. Biological Sciences
Stanford University

Mr. Keith Taniguchi
Office of Endangered Species
USFWS

Dr. Don Erman

Dept. Forestry and
Conservation

University of California,
Berkeley

Ms. Carla Markmann
Chair, Conservation Committee
American Fisheries Society

Mr. Peter Moyle
Dept. of Fish & wWildlife
University of California Davis

Mr. George R. Baumli
State Water Contractors
555 Capitol Mall Suite 575

Mr. Harold Meyer
Water Resources Management,
Inc.

Dr. Joe O’Connor
Agquatic Habitat Institute

Ms. Susan Joseph

Downey, Brand, Seymour and
Rohwer

555 Capitol Mall, 10th Floor

Mr. David Beringer
Division of Water Rights
Water Resources Control Board

Mr. David Anderson
Department of Water Resources
Office of the Counsel

State Clearing House
Mr. Randy Brown
Department of Water Resources

Central District

Mr. Ken Lentz
US Bureau of Reclamation

Mr. Chris Bowman
Sacramento Bee

Ms. Diana Jacobs
State Lands Commission

Mr. Phil Hogan
Soil Conservation Service



Mr. Robert Schaefer
Mr. Wil Tully
Bureau of Reclamation

Mr. John Merz
Sacramento River Preservation
Trust

Ms. Cay Goude
USFWS

"Mr. Jim Canaday
Water Resources Control Board
Division of Water Rights

Mr. Barry Nelson
Save the Bay Association

Mr. William Davoren
Bay Institute of San Francisco

Mr. Robert Baiocchi
California Sportfishing
Alliance

Mr. John Beuttler
United Anglers

Mr. Al Jahns

Merron, Reid, Sheehy
801 K Street #2100
Sacramento, CA 95814

Mr. Scott Hadley
Bay Institute

Mr. Richard Spotts
Defenders of Wildlife

Dr. C. David Vanicek
Department of Biological
Sciences

CA State University -
Sacramento

Mr. Aaron King
Assemblyman Dan Hauser's
Office

Assemblyman William Campbell
State Capitol
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Mr. Steven McAdam
San Francisco Bay Conservation
and Development Commission

Mr. Greg Mannesto
U.S. Army Corps of Engineers

Mr. Robert Helwick
Senior Attorney
East Bay Municipal District

Mr. Thomas Graff
Environmental Defense Fund

Mr. David Stewart
EPA
Water Management Division

Ms. Susan LeFever
Friends of the River

Ms. Ellen Johnck
Bay Planning Coalition

Mr. Ron Davis
CA Municipal Utility
Association

Mr. Gerald Meral
Planning and Conservation
League

Associations of CA Water
Agencies

Mr. Dan Taylor
National Audubon Society

Ms. Lori Smallwood
CA Water Resources Association

Ms. Jane Kay
San Francisco Examiner

Mr. Harold Gilliam
San Francisco Chronicle

Ms. Laura King
Natural Resources Defense
Council



Mr. Eric Johnson
Pacific Gas and Electric
Company

Mr. Bill Crooks
Regional Water Quality Control
Board

Mr. Dave Beringer
Bay-Delta Unit
Division of Water Rights

Mr. Jim Arthur
US Bureau of Reclamation

Mr. Richard Oltman
US Geological Survey
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STATE OF CALIFORNIA—THE RESOURCES AGENCY GEORGE DEUKMEJIAN, Govemnor

DEPARTMENT OF FISH AND GAME

1416 NINTH STREET
P.O. BOX 944209
SACRAMENTO, CALIFORNIA 95814-2090 -

November 27, 1989

PUBLIC NOTICE

TO WHOM IT MAY CONCERN:

Pursuant to Section 2074.4 of the California Fish and Game Code (FGC), NOTICE IS
HEREBY GIVEN that on August 29, 1989 the California Fish and Game Commission accepted
a petition from Dr. Peter Moyle to amend the official State list of endangered and
threatened species (Section 670.2, 670.5, Title 14, California Code of Regulations)

as follows:
Delta smelt (Hypomesus transpacificus) List as endangered

The California Endangered Species Act. (FGC, Chapter 1.5, Section 2050 et seq.)
requires that the Department of Fish and Game notify affected and interedted parties
that the Cammission has accepted the petition for the purpose of receiving
-information and camments that will aid in evaluating the petition and determining
whether or not the above proposal should be adopted by the Commission. If the above
proposal includes adding a spec:.% to the list as aﬁargered or threatened, the
Commission’s action has resulted in this species rmen.vmg the interim dés:.gnatlon of
"candidate species." The Department has 12 months to review the petition, evaluate
the available information and report back to the Cammission whether the petitioned
action is warranted (FGC Section 2074.6). The Department’s recommendation must be
based on the best scientific information available to the Department. Therefore,

NOTICE IS FURTHER GIVEN that anyone with data or comments on the taxonomic status,
ecology, biology, life history, management x'a:mmerﬂatlons, distribution, abundance,
threats, habitat that may be essential for the species or other factors related to
the status of the above species, is hereby requested to provide such data or comments
to:

Natural Heritage Division

California Department of Fish and Game
1416 Ninth Street, 12th Floor
Sacramento, CA 95814

Responses received by January 17, 1990 will be included in the Department’s final
report to the Fish and Game Commission. If the Department concludes that the
petitioned action is warranted, it will recommend that the Commission adopt the above
proposal. If the Department concludes that the petitioned action is not warranted,
it will recommend that the Commission not adopt the proposal. (If the petitioned
action is to list a species as endangered or threatened and the Cammission accepts
the Department’s recommendation to not adopt the proposal, the species will lose its
candidate status.) Following receipt of the Department’s report, the Cammission will
allow a 45-day public comment period prior to taking any action on the Department’s
recommendation.
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NOTICE IS FURTHER GIVEN that any species above proposed to be added to the State list
as endangered or threatened is a "candidate species" pursuant to Section 2074.2 (FGC)

and, pursuant to Section 2085 (FGC), may not be taken or possessed except as provided
by Section 2080, et seq. of the FGC or other applicable statutes.

%’L@& 1 \A C EZJI\\OLV'*‘-————

Susan A. Cochrane, Chief
Natural Heritage Division




(916)

324-8348

June 22, 1990

To Whom It May Concern:

The enclosed draft report represents the Department of Fish and
Game'’s analysis and response to a petition to list the Delta Smelt
as an endangered species. The Department has determined that the
Delta Smelt meets criteria set forth in the California Endangered
Species Act of 1984 for listing as a threatened species. This
draft report is being provided to all individuals and organizations
that responded to our public notices earlier in the review process.
We are providing another opportunity for the public to comment on
this matter before the Department transmits a final report to the
Fish and Game Commission for receipt at their August 3, 1990
meeting. Your comments must reach this office by July 18, 1990 to
be included in our final status report. The Commission will conduct
a hearing on the Departments recommendation and take public
testimony at their August 3|, 1990 meeting in Sacramento.

Thank you for your interest in this matter.

Sincerely,

Susan A. Cochrane, Chief
Natural Heritagae Division
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CALIFORNIA DEPARTMENT OF FISH AND GAME
NOTICE OF AVAILABILITY OF REPORTS

NOTICE IS HEREBY GIVEN that a draft report prepared by the Department
of Fish and Game, pursuant to Section 2074.6 of the Fish and Game Code,
in response to a petition to list the delta smelt (gyggmesus
transpacificus) as an endangered species, is available for review and
comment at the Natural Heritage Division Office, 1220 "S" Street,
Sacramento, CA 95814, phone (916) 324-0561.

The Fish and Game Commission will receive the Department’s final
report at their August 3, 1990 meeting. The Commission will conduct a
hearing cn the Department’s recommendation and take public testimony at
their Angust 31, 1990 meeting in Sacramento.

Department of Fish anc Game
d Fisheries Division

June 29, 1990 Robert R. Rawstron, Chief
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Appendix B. Summary of Public Comments on Draft Status Review

A draft-of this report was released on June 22 for public
comment. The cover letter from Susan A. Cochrane, Chief Natural
Heritage Division specified that comments must reach the
Department by July 18, 1990 to be included in the final status
report. Comments were received from the following individuals
and organizations: 1) State Water Contractors (SWC), 2)
McDonough, Holland and Allen, attorneys for Central Valley
Project Water Association (CVPWA), 3) Downey, Brand, Seymour, and
Rohwer (DBSR), attorneys representing more than twelve
reclamation districts which siphon or pump water from delta
channels, 4) California Central Valley Flood Control Association
(CCVFCA), 5) The Planning and Conservation League (PCL), 6) Drs.
Bruce Herbold and Peter Moyle (HM), 7) The Department of Water
Resources (DWR), and 8) Dr. Dallas Weaver, Scientific Hatcheries

(DW) .

Concerns were expressed in the following general areas:

° adequacy of available information for purposes of depicting

the delta smelt population trend and status (SWC, CVPWA),

. verification of the taxonomic status of the species (SWC,

CVPWA) ,



adequacy of data regarding the diet of delta smelt (SWcC,

CVPWA),

resolution on the timing and distribution of spawning,
mechanisms of larval transport, and reproductive potential

(SWC, CVPWA),
resolution on distribution within the Estuary (SWC, CVPWA),

weak linkage between abundance and factors potentially

controlling abundance (SWC, CVPWA, DWR),

need for stronger technical foundation in support of listing

and management recommendations (SWC, CVPWA, DWR),

increased cost of water associated with screening
agricultural diversions and the question of screen
effectiveness on fish as small as delta smelt (DSBR, CCVFCA,

DWR),

predation by birds should be considered as a potential

mortality factor (DW),

changes in carbon-nitrogen-phosphorus ratios due to sewage

treatment may affect productivity of the food chain (DW),




) water diversion is the cause of the situation and
consideration should be given to upgrading the listing to

Endangered (PCL, HM).

We believe that some of these concerns have merit. In some cases
they are consistent with statements in our draft text and in some
cases we have modified the present text in response. Conversely,
we also disagree with some of the comments and stand by our
original analysis. Taken individually or collectively, the
technical comments do not change conclusions about the status of

the smelt population or the factors affecting it.

The SWC, CVPWA and DWR point to apparent discrepancies between
certain conclusions reached in the report and the
recommendations. The Department believes that those apparent
discrepancies are due to the draft report’s failure to explain
adequately the logical basis for recommendations and that there
is no discrepancy between conclusions about the status of the

smelt population and the recommendations.

The most essential conclusions are that the Delta smelt
population fluctuated widely in abundance from 1959 through 1982,
but has been consistently at or below previous minimum levels
since 1983; the causes for their low abundance are uncertain,
although a number of impacts and likely threats are evident; and

scientific information is insufficient to determine the minimum
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viable population size. In this regard, despite their technical
comments, the SWC concede that there is "ample evidence to
suggest that delta smelt are at a relatively low level of
abundapce and therefore represent a species of concern" (p. 9
Attachment 1, July 18, 1990 letter from George Baumli to Susan
Cochrane), and DWR states that "it is clear that the population
has been low and relatively stable for the past several years"
(July 19, 1990 memorandum from Robert G. Potter to Susan
Cochrane). The central issue, therefore, is whether the delta
smelt is truly likely to become an endangered species in the

foreseeable future and deserving of Threatened status.

The Department disagrees with PCL and HM and agrees with the SWC,
CVPWA and DWR that based on available evidence there is a measure
of uncertainty regarding endangerment (page 88, this report). We
believe that at least three alternative conclusions about the

population’s status merit careful consideration. These are:

1. Some set of circumstances has caused the recent
consistent low abundance levels but not permanently
reduced habitat carrying capacity, so recovery may

occur spontaneously.

2. Habitat degradation has permanently reduced this

population to a low but stable level.

~



3. Habitat degradation has caused the population to fall
to a low, temporarily stable level, but increasing
habitat stress is likely to cause the population to

decrease further.

The first alternative would clearly not warrant listing the
smelt. The second would warrant listing only if the present
population level is close to the minimum viable population size.
At first glance, that seems unlikely considering the rapid
historical increases from similar levels, but subsequent habitat
degradation may have affected population viability. The third
could warrant listing as threatened, depending on the likely

consequences of a further decline.

While none of the alternatives can be ruled out, the Department
concluded that the third is sufficiently likely and warrants
listing the smelt as threatened. Specific supporting reasons

are:

1. The general degradation of phytoplankton, zooplankton and
several species of fish including delta smelt, in the Delta

and Suisun Bay.

2. The association of some of these changes with water
development, with reverse flows and losses in project

diversions causing particularly important effects.
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3. Those water development effects will increase unless

specific mitigative actions are taken.

4, The rapid changes associated with accidental introductions

of invertebrates which probably haven’t stabilized yet.

5. The vulnerability of delta smelt to extinction due to their

limited distribution, and life history characteristics.

6. The uncertainty about factors controlling the abundance of
smelt, which leads to an inability to conclude that smelt

are unlikely to be harmed by further changes.

7. Each additional year of depressed populations makes it more
difficult to rationalize the situation as reflecting

temporary habitat degradation.

The SWC, CVPWA and DWR all advocate comprehensive studies as an
alternative to listing. The Department recommends that such
studies should be part of the recovery and management actions,
rather than a substitute for listing. The Department’s reasons

are:

1. The status of this resource is much better defined by past

proérams than the SWC and CVPWA believe it is.



Management actions are warranted now due to risks posed by

continuing environmental changes, and

Experience indicates that conclusive results will not be

achieved quickly by proposed studies.

In addition to studies, DWR advanced two management

recommendations as follows:

The species list for thé 1986 DFG-DWR agreement to offset
DWR’s direct Delta pumping impacts be expanded from striped
bass, chinook salmon, and steelhead, to include Delta smelt.
This action would result in funds being made available to

develop projects to offset DWR’s entrainment losses.

The present DFG/DWR/USBR negotiations to develop an
agreement to offset CVP/SWP indirect Delta impacts be
expanded to include Delta smelt. (The negotiations

presently focus on striped bass and chinook salmon).

The Department considers these helpful, but not specific enough.

They would logically lead to consideration of the specific

measures included in our recommendations. The lack of certainty

as to the cause of the decline creates uncertainty as to the

measures which should be undertaken to increase the population.

The Department has chosen to recommend a series of habitat
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improvement measures related to the life history of smelt. The
Department is confident that the recommended measures would
improve habitat quality in the Delta and Suisun Bay and have a

high probability of increasing smelt abundance.

Proposals to modify CVP/SWP pumping strategies to reduce
entrainment losses, and to augment Delta outflow, have drawn
specific criticism, considering the lack of strong relationships
between entrainment losses, outflow and smelt abundance found
during the analysis. While strong, long-term relationships do
not exist, the Department considers the drain of present water
diversions on the delta smelt population to be a significant
factor inhibiting their recovery and flow augmentation is worth
considering, at least as a vehicle to reduce such losses.

Greater flows would reduce these losses by transporting the smelt

population downstream away from the diversions.

In response to concerns about screening delta agricultural
diversions we have modified our draft recommendation to include

an initial evaluation phase.



Appendix C. Delta smelt abundance indices for the townet
survey for the years 1959-1965 and 1969-1989

Year Survey 1 Survey 2 Mean
1959 0.1 22.2 11.1
1960 21.6 26.0 23.8
1961 18.9 17.0 18.0
1962 20.3 26.5 23.5
1963 1.3 2.1 1.7
1964 11.4 36.4 23.9
1965 6.4 5.3 5.9
1969 3.7 1.2 2.7
1970 20.3 43.4 31.9
1971 8.9 15.8 12.4
1972 9.2 12.8 11.0
1973 21.5 21.0 21.2
1974 12.0 13.8 13.0
1975 7.0 16.7 11.9
1976 63.0 38.2 50.6
1977 12.5 37.1 24.8
1978 23.0 102.0 62.5
1979 6.4 19.9 13.2
1980 14.7 16.9 15.8
1981 19.1 20.5 19.9
1982 7.0 14.3 10.6
1983 3.3 2.5 2.9
1984 1.3 1.2 1.3
1985 0.8 0.9 0.9
1986 7.4 8.3 7.8
1987 0.4 2.4 1.4
1988 0.5 1.8 1.2
1989 3.6 0.8 2.2
1990



Appendix D.

10

11

12

13

14

15

16

17

Midwater Trawl

Stations
336-339
320
321-326
327-329
330-335
317-319
312-316
303-311
301-302

340

401-402,404-408

409-419

501-520

601-606,608

702-711

801-815

901-915,918,919

Weight Factors used for Midwater Trawl Survey Data.

Acre ft.
81,000
28,000

113,000
65,000

122,000
59,000

102,000

185,000
30,000
48,000

160,000

140,000

180,000
50,000

120,000

140,000

200,000



Appendix E.

Regression search of potential effects of March to June

environmental variables on the summer townet survey
abundance index for delta smelt.
to variable names.

See appendix H for Key

H=lé REGRESSION MODELS POR DEPEEDENT VARIABLR: rn_un MODEL: RODEL1
NUNBER IN R-SQUARE ADJUSTED ssz c(r VARIABLES IN NODEL
RODEL ~ R2-SQUARE

1 0.00245346 -.06879772 4443.946) 0.126004¢ e _J_re

1 0.009189%7 —-.061%8261 4415.9331 0.04414587 DAY_REVS

1 0.01253711  -.057995%9% 4401.0133  0.0034¢5339 LRI _oT2

1 0.01200421 -.05770977 4399.8230 .000206564 LMJE _oU?

1 0.07543021 0.00938952 €120.7058 -0.761066 NIW_EX2

1 0.07861687 0.01280379 4106.503)3 -0.799802 KJE_cOr

1 0.1892%268 0.1313¢216 3613.4216 -2.1447 RI8_we

2 0.009189%7 -—.14324280 4415.9331 2.044146 MR_J_FT DAY RXVS

2 0.01286260 -.13900¢70 4399.5628 1.999497 LATN_0T2 DAY_REVS

2 0.0131217%  -.13870%56) 4398.4076 1.996346 LAIN_OUT DAY_2EVS

2 0.01320068 -.13861460 4398.0%60 1.995387 LAJN_OUT LIE_oTl

2 0.01612688 -.13323821 4305.0143 1.959817 LI 072 RR_J rf

1 0.0162408% -.13510671 4384.506) 1.958432 LAIR_OUT? x2_. : _re

2 0.07582923 -.06635089 4118.927% 1.234084 na_J_re m3s_ —t3»

2 0.07861937  -.06313127 4106.4912 1.200169% MR_J_re RIE_cor

2 0.08363339  -.05734%86 4084.1443 1.139218 LAJ%_oU? AJN_EXP

2 0.0841203¢ -.05678422 4081.9749 1.133298 LXIE_OUT RIN_COP

2 0.08465013 -.0561729) 4079.6137 1.126088 LAJE_0T2 RJN_EXP

2 0.08472391 -.05608780 4079.2849 1.12%961 LRIN_0T2 RIN_COP

2 0.09867377 -~.03599180 4017.1118 0.956389 RJE_Cor mJN_Rx?

2 0.10366083 -.03423751 3994.8851 0.893767 NIN_COP DAY_REVS
.2 0.11678410 -.01909527 3936.3962 0.736242 MIN_EIP DAY_REVS

b 0.19818343 0.0748270¢ 3873.6082 -0.25323¢6 RI¥_COP RIN_WT

2 0.23032062 0.11191764 3430.3407 -0.643988 RIE_W? WIN_EXP

2 0.24841852 0.13279060 3348.7160 -0.363886 RIN_WT DAY_RIVS

2 0.26355320 0.15025369 3282.262¢ -1.0479 ne_J_re nyi_we

2 0.27339677 0.16161168% 3238.3%07 -1.167% LATN_0T2 RIE_wr

2 0.2761585¢ 0.16473831 3116.0818 -1.2011 LAY OUT AJ¥ w?

3 0.01376476  ~.23279408% 4395.5420 31.988530 LXJN_OU? LMJE_OT2 DAY_REVS
3 0.01620227  -.22974717 4384.6783 3.9%8900 LAIN_OT2 MR_J_PT DAY_REVS
3 0.0162¢33)  -.22969%8) 4384.4953 3.958401 LKIW_oU? LMFN_OT2 RR_J_PT
3 0.0163%587 -.212955517 4383.9937 3.957013 LXJN_OUT MA_J_PT DAY_RZVS
3 0.09103181  -.13621011 4051.1708 3.049282 LRIN_OUT LAJN_0T2 MIN_co?
3 0.09227006 -.13466242 4045.63%28 3.034231 LRJE_OUT MR_J_PT WI¥_COP
3 0.09440191 -.13199761 4036.1511 3.008317 LXIN_O0T2 MR_J_PT KJE_cOP
3 ©.0983062% ~-.12711969 4018.7588 2.960881 LI¥_ouT AIE_0T2 MIF_EXP
3 0.09948417  -.12568229 4013.6337 2.946902 NR_J_P? MIE_COP WIRM_EXP

3 0.10405786 -.11992768 3993.115%6 2.890941 LxIn_ouT Xa_J_rr RJ¥_ExP
3 0.10407978  -.11990027 3993.0179 2.890674 LMIN_oUT RI¥_COP RIN_EXP
3 0.1050613¢ -.11867333 3988.6432 2.87874) LAJN_0T2 RJW_COP RJIN_EXP
] 0.109128%6 -.11358930 3970.5160 2.829302 LMJW_0T2 KR_J_FY RJ¥_EX?
3 0.11010828 -.11236468 3966.1496 2.817393 LKJN_0T2 RJE_COP DAY_REVS
3 $.11104587 -.11119266 3961.9708 21.80%998 LAJ_OUT RJ¥_COP DAY_RIVS
3 0.11671103  -.10411121 31936.7218 2.73113 MR_3J_r? mJN_COP DAY _1EVS
3 0.13234922 -.08456348 3867.0241 2.547038 LXJ¥_0T2 WIN_EXP DAY_REVS
3 0.13521623 ~.08097971 3854.2468 2.512184 LMIW_0UT WIN_EXIP DAY_2EVS
3 0.14131462 -.0711%673 3827.0663 2.4380%) NI¥_CoP RIN_EXP DAY_REVS
3 0.16007633 -.04990458 3743.4474 2.209988 MR_J_Fr MIE_LXP DAY_REVS
3 0.23074451 0.03843063 3428.4871 1.3509%6 MJ¥_Cor mIN_wr mIB_Ex»

3 0.2616202% 0.07702532 3290.83773 0.975638 NIB_COP RIN_WT DAY_REVS

3 6.26528200 0.08160251 3274.557) 0.931124 MR_J_P? MJN_COP RIN_WT

3 0.2734308% 0.091788%7 3238.2388 0.832068 nIn"or2 RIT_cor WIF_wr

3 0.2754558¢ 0.09431980 3229.213¢ 0.807482 MR _JTP? RJN WP RIN EIP

3 0.27589323%  0.09486656 3227.2641 0.802138 LRIW_ 072 MIF_WT DAY _REVS
3 ©.27642018  0.09%552522 3324.91%7 0.798730 LAJY_OUT RIN_COP MIF_we

3 0.27849796 0.09812244 3215.6582 0.77047) LRJN_OUY RIS_WT DAT_REVS
3 0.2808%861 0.10107326 3208.1341 0.741777 LXIN_0T2 MR_J_PT WIE_we

3 0.2820629) 0.102357866 3199.7666 0.727137 NR_JTPT WIN_WT DAY_REVS

3 0.282097%%  0.10262199 3199.6121 0.72671¢ LIn_ovr LNIN_oT2 NIw_wr
3 0.28338380 0.1042287% 3193.879¢6 0.711082 LN ouT KX_J_PT AIN _ire

3 €.30087076 Q.12608844 3115.9421 0.498512 LrJW_0T2 RIW_we wn_txe

3 0.30091448  0.12614311 3115.7472 0.437981 LXIN OUT RIE_WT WIN KXP

3 0.3343884%  0.16798862 2966.5573 0.0910734 NIE_Wr RIN_EIP DAY_REVS
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Appendix F.

Regression search of potential effects of March to June

environmental variables on the fall midwater trawl

abundance index for delta smelt.

to variable names.

See appendix H for Key

Held REGRESSION MODELS roR DEPZLNDINTY VARIABLE: NWY_IND NODEL: NODEL]
NUMBER IF A-3QUaxRR ADJUSTED 388 cty) VARIABLES 1N RODRL
MODEL 2-SQUARS
1 9.00014336 ~-.08317s103 21920648.8 23.430123 LJIe _or2
1 0.00088631 ~.08240%66 2918%62.93 25.403119 LXJN_oUT
1 0.00249623 -.08062909 2913772.2 13.34¢7008 DAY_12VS
1 0.00398817 -.079%01282 2909414.1 25.294140 NIN_RIP
1 0.01026312 -.07223662 2091143.0 23.072493 R _J_re
1 0.1573%2201 0.08731851 2460932.0 19.053598 NIN_copr
1 0.307824¢48 0.350142219 2021888.9 14.527360 wu_we
2 0.00261506 -.17872766 2913428.1 17.362797 LAJE_OUY DAY _REKVS
2 0.0038360% -.177215%8 2909712.4 27.29779%9 LAIw ofz DAY xlvl .
2 0.00414336 -.17692148 2900960.0 27.288641 LUE_ _or2 lJl £X? .
2 0.00471141 -.1762501% 29%07301.9 17.268%12 lJl_lxr DAT_ REVS
2 0.00497187 -.17594269 2906541.9 27.259293 LRIW_oUY nI¥_SIP
2 0.01024329 -.1697129%3 28911432.6 217.072409 MR_J_PT OAY_REVS
2 0.0153329¢ -.16363747 1876275.4 26.8921134 LAON_our x»_J_rT
2 0.01740101 -.1612%119% 2870234.3 26.831885%0 MR I rY u:' tX»
2 0.02046772 -.15762906 2061276.) 16.710180 LAJE_oT2 A2_ J_re
2 0.11181617 ~.04967180 2594441.6 23.473208 LAIE_ouU? LuJI “or
2 0.15782147 0.00669810 2460087.3 21.842986 KIN_COP DAY 3Evs
2 0.16523995 0.01346540 2438387.4 21.580109 Ii_or2 RIE_cop
2 0.17041767 0.01958451 2423262.9 21.396634 LRIN_ouY rIE_cor
2 0.204203%9 0.05951333 1334872.2 20.199¢14 L3 Y : —re niu_cor
1 0.21899222 0.07699080 2281373.6 19.675372 n3i_cor min_Ex?
2 0.31695692 0.29276727% 1995212.¢ 16.203948 NIB_wT WIE_TIX?
2 0.326168122 0.20365336 1968305.6 15.877541 RIJN_WT DAT_REVS
2 0.32630517 0.20190974 1967671.9 15.2698%) MR_J_re wii _wr
2 0.33487614¢ 0.21394453 1942869.2 15.568972 RJE_Cor RIW_ “we
2 0.313694797  0.216139306 1936817.3 15.495553 %] _our aJi _we
2 0.34287%7¢ 0.2231319862 1919%01.8 15.285%02 LIJI_OQZ n:-_yr
3 0.004969%¢ -.29151907 2906546.3 29.2593151 LMJS_0T2 AJE_EXP DATY_REVS
3 0.00497666 -.29353034 2906%26.7 29.259113 LAIS_OUT ATE_EIP DAY_RXVS .
3 0.01863274 -.2787774) 28666)6.¢ 28.77520) LRJB_OUT x2_J_re o;r'n:va
3 0.02118697  -.2724569¢ 2859175.3 28.684693 MR J_PFT WIN_ TP OAY_Rzvs
3 0.025100412 -.26736946 2847743.9 28.546018 1351 )t _ooT ma J re NJI (34 ]
3 0.02767892 -.26401740 2340211.9 28.454648 LAIN_072 M 3 ?1 DAT_1gVS
3 0.03237719  -.25764963 2825903.8 28.281079 LU _ot2 o 3 rt e _tx»
3 0.126229%2 ~-.13590162 2552339.3 24.962461 LRJE_OUT LATE_ T0T2 DAT_Rzvs
3 0.17316716 -.07488269 2415231.3 23.299204¢ LAJE_O00Y N of: [ J _re
3 6.1790683) -.06721092 1397993.2 23.090087 LAIN_OUT LRIN_O0T2 nJu_gx2
3 0.18625393 -.05786989 2377004.2 22.835469 IXIN_OT2 WIN_COP DAY_REVS
3 0.20229296 -.03701916 2330153.2 22.267118 LMJE_OUT AJN_COP DAY_REIVS
3 ©.20895398 ~.02833982 231069%.9 22.031082 LMIB_OUY AR_ J re le'co'
3 0.21723206 -.01759832 2286518.1 21.737744¢ LRJE 011 KR _ : “re RIN_ “cor
3 6.22625223 -.00587211 2260166.6 21.410111 nIE_CoP MIN_ X? DAY 1Evs
3 6.23358763  Q.00166192 2238739.¢ 21.158177 aa_J_re mIu_coP DAY_REVS
3 0.2)487803 0.00334144 2234970.1 21.112451 Las_ot2 mIu_cor RIW_EXP
3 0.24073288 0.01295271 2217867.8 20.904983 LRIE_ouT mIm_cop wn_exe
3 0.26236448 0.04107372 21%4680.7 20.138459 MR_J_FT MIN_COP MIN_IXP
3 ©.32890932 0.12758212 1960298.7 17.780409 K3T_Wr wIW_TIP DAY_NEVS
3 0.3133735732 0.13388450 1946137.4 17.608618 MR_J_rr nIT_wr DAY nzvs
3 0.33736038 0.13856849 1935612.6 17.480942 wIE_ovr m_J_rT %7 ] _wr
b} 0.3374369) 0.13866801 193%388.0 17.478229 LXJS_OUT WI¥_WT DAY_REVS
3 0.337796%9 0.13913557 1934338.4 17.46548¢ NR_J_rr mIm_cCor MIN_wr
3 0.34287576 0.14573849 1913%01.8 17.283%%02 LHJI_OTI m_3_re mIi_we
3 8.34288%82 0.14373%676 1919460.0 17.20500¢ wrIw_0T2 AJX .1 DAY_iRvs
3 0.34714188 0.15128444 1907040.2 17.134330 LAJS_OUT RIN_COP MJIE _wr
3 0.34993780 0.15491913 1898873.2 17.038238 KR_I_rT RIN_Wr RIN_EI?
3 0.35160616 0.15708801 1833999.2 16.9761316 457 ] our RIN _we n _EX?
3 0.3522778¢ 0.15796122 1892037.7 16.952334 LRI _oT2 MIN_ —cop AJE _we
3 0.3545263) 0.16008449 1885469.2 16.872681 xin cor (3} ] -7 DAY ntva
3 0.35668859 0.16369517 1879153.7 16.796037 ¥ _oT2 MIN_wr nIE_zxp
3 0.39365379 0.21174383 1771176.2 15.486162 KIN_CoP RJE_¥T RIW _tx»
1 0.4303%4098 0.25971367 1663402.8 14.178760 wT_our LRIN _0%2 Wim_we
3 0.44276663 0.27359664 1627714.2 13.745822 LMJ¥_OCT LuJI_orz IJI:COD
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“Appendix G.

Regression search of potential effects of July to October

environmental variables on the fall midwater trawl

abundance index for delta smelt.

to variable names.

See appendix H for Key

=i d REGRESSION XMODELS FOR DEPEXDENT VARIABLEK: M_IID NODBL: NODEL)
WUMBER IE 1-8QUARR ADJUSTED SSE c(?) VARIASLES IN MODEL
NODEL R=-3SQUARE
1 0.00130751  -.08191586 2917244.93 28.059097 LJ_o_oT2
1 $.00303352 -.083004702 21912202.7 27.983311 J_0_kx»
1 0.00353263% -.07950629 2910744.7 27.974300 LJ_o_our
1 0.00871686 -.07714007 2904364.5 27.89%1062 Ju_or?
1 9.03338827 -.0471639¢ 2823%43.3 26.836649 DAY_REV?P
1 0.25666386 0.13638515 2165490.2 18.25152¢4° JL_o_cor
1 0.36666982 0.31389231 1049997.9 14.138832 Jo_w?
] 0.00416431  -.17689684 29084899.9 29.950232 1LJ_0_0T1 J_O_EX»
2 0.00612686 -.17487734¢ 2903166.8 29.87%437 3_0_Txr JL_O7T
2 0.00641868  -.174232¢47 2902314.4 29.864216 LJ_0_our J_o_xI»
2 0.01694467 -.16179267 2871567.4 29.463182 LJ_0_0T2 JL_Or?e
2 2.02334620 -.13)63630 28%91407.8 29.200172 L3_a_our JL_orY
2 0.03911606 -.13553011 2006803.3 28.6182%4 J_0_BX? DAY REVP
2 0.04152319 ~.13274802 17997171.9 28.526321 13_O_OUT DAT_azvy
2 0.04235564  -.13152516 27967%6.1 28.487176 JL OTT DAY_REVP
2 0.04948508 -.12333382 2776%14.7 28.223102 L3_0_OT2 DAY_REVP
2 0.2631806¢4 0.12921348 2182296.4 20.079394 Jt_o_cop JL_Ore
2 0.26445781  0.13072287 2148565.7 20.030722 JL_o_cop J_O_EX»
2 9.26531810  0.131739%7 2146082.7 19.937938 L3_o_oT2 Jt_o_cor
2 0.2669179%  0.13363030 2141379.4 19.936969 L3"o_oUr LI_o_orl
2 0.268%3%21¢  0.13560809 2136489.0 19.873167 L3_o_our JL_o_cor
2 0.31324298 0.18837807 2006061.1 18.171572 JL_0_COP DAY_isvr
2 0.36701013  0.25132106 1849003.8 16.121564 10_WT OAY_RETP
2 0.36713721  0.25207128 1848632.6 16.117721 30°we 3_o_KXP
2 0.37098812 0.2%662232 1137383.8 15.970967 £3_0_ou¥ Jo_wr
] 0.37199856¢ 0.25781294 1834441.0 15.93257¢ £3_0_oT2 Jo_wr
2 0.37826387 0.265220%8 1816131.8 15.693707 30_wT JL_or?
2 0.69578315  0.64047099 $88636.8 3.5933M JL"0_cor” 3o_wr
3 Q.01861399 -.27579921 2366688.3 31.399490 L3_0_0T2 3_o_EIP JL_OrFY
3 0.02641678  -.2656581% 2043298.7 31.102210 L3_0_ouT J_ o “zxp JL_ort
3 0.043333182 -.243663863 2794488 .8 30.4375%96 LJ__O_OUT T O" DAY nvv
3 0.04948922 -.23566401 2776%02.6 30.222944 LI_o_ 0T2 JL on Mt VP
3 0.08124338  -.1943836% 21683746.7 29.012827 L370_0UT J_O_EXP DAY_REV?
3 0.08699869% -.18690170 266693%.1 28.793499 3_0_Tx» JL_OFT DAY_ 1134
3 0.10105707 -.188852%0) 2625869.7 28.2571749 t3_5_oT2 1_o_tx» oAr_REVP
3 0.26560361  0.04520469 2145210.7 21.987087 JL_o_cor J_o_EX? JL_ ore
3 0.27059762 0.05177691 2130630.9 21.796741 L3_0_0ot2 JL_o_cCop 3"o_zx?
3 0.27207674 0.05369976 2126310.3 21.74037) LJ_o_our LJ_o_oT2 JT_ore
3 0.27409046 0.05631760 2120428.1 21.663632 t3_o_our JL_o_cor J O EX»
3 0.20794367 0.67437877 2079845.1 21.134177 t3"0_oT2 JL_o_cor JL_ore
3 0.29533038 0.08392946 2058385.0 20.85420) t3_o_our JL_o_cor JL_ore
3 0.3199551¢¢  0.11593687 1986465.2 19.915920 tJ_0_ouT JL_O0_COP DAY REVP
3 0.32121710 0.1175822) 1982768.2 19.867687 3u_0_cop J_G_EXP DAY_BEVF
3 0.32100560 0.11834728 1981049.1 19.845260 JL_o_cop JT_Ore DAY _REVP
] 0.32573019  0.1234492¢ 1969%585.1 19.695638 LI 0_0T2 JL_ “o_cor pAr_agve
3 0.36717777  0.17733109 1848314.1 186.116179 Jo_wT 3_o_tXp “oar_azv¥
3 6.37146369 0.18290279 123%994.7 17.952843 L3"0_oo¥ Jo_wr J_ o_xx»
3 0.372160453 0.18380859 1833959.4 17.926290 LI _o_ ouUT Jo_ﬂ DA! llV?
3 0.37238843  0.18410498 1833293.8 17.917603 L3 o or2 Jo_wr J _O_5X»
3 0.37388822 0.18603468 1828912.5 17.860447 Ly o _ot2 Jo_wr OAY_REVP
3 0.37947638  0.19331830 1312%89.1 17.647488 Jo_wt 3 _o_txP JL_OrY
3 0.38020262 0.19426341 1810467.7 17.6198112 Jo wr JL OPT DAY “REVP
3 0.40937631  0.23218921 1725249.3 16.308038 L370_ovr LI O _oT1 3o_w¥
3 0.40963462 0.23252501 1724494.9 16.498190 L3 o_our LJ_ “o_o?3 3_0_s1?
3 0.42150144  0.24793%187 1689831.2 16.045959 L3_0_ouT JO Wt Ju_ore
3 0.42446933  0.25181013 1681161.8 15.932885 L3"0 o2 Jo_wr JL_ort
3 0.43376093 0.26388922 1654020.4 15.578762 LI_o_our t3_0_ora JL_o_cor
3 0.43%547960 0.26612348 1649000.2 15.3513246 LJ_O_OU‘! L3 O o‘ll nu IIV'
3 0.69580992 0.60455299 838558.¢ $.592387 JL_o_cor Jo_ “wT 3_o_zzx?
3 0.69621217 0.60507%81 187383.6€ $.577028 Ju_o_cor JO ~w? DAT_25VP
3 0.69679479  0.60583323 s38681.8 5.5548258 t3"0_o12 JL_0_cop Jo_we
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Appendix H. Key to the variables used in regression search of
environmental variables affecting delta smelt abundance.

LMJN_OUT=
LMJN_OT2=
DAY REVS=
MJIN_EXP=

MR_J_FT=

MJIN_COP=

MIN WT=

LJ_O_OUT=
LJ_O_OT2=
DAY _REVF=
J_O_EXP=

J_OFT=

JL_O_COP=

JO_WT=

Log,, Mean March-June Delta outflow.

Log,, Mean March-June Delta outflow squared.
Number of March-June days of reverse flow.
Mean March-June water project exports.

Mean Maximum March-June Sacramento River Temperature at

Freeport.

Mean March-June copepod density/m’ exclusive of

March-June Variables

Sinocalanus and nauplii.

Mean March-June water transparency (secchi).

Log,, mean July-October Delta outflow.
Log,, mean July-October Delta outflow squared.
Number of July-October days of reverse flows.

Mean July-October water project exports.

July-October Variables

_Mean July-October maximum Sacramento River temperature

at Freeport.

Mean.July-October copepod density/m’ exclusive

ofSinocalnus and nauplii.

Mean July-October water transparency (secchi).




